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Introduction

The Georgetown Ocean Uredged Material Disposal
Site (DMDS) has been selected by the Corps of
Engineers for release of sediments dredged from
the channels associated with Georgetown Harbor.
This disposal area is similar in depth and bottom
trype to the larger Charleston Harbor Ocean Disposal
Area located approximately 87 km to the southwest.
Although the latter area was sampled in 1978 for a
baseline benthic and sedimentological characteriation
(South Carolina Wildlife and Marine Resources
Department, 1979), no similar data base exists for
the Georgetown DMDS. At the present time, the
Georgetown DMDS is being used under iterim approval
by the Environmental Protection Agency (EPA).
Continued use of this site requires more baseline
information for final EPA site approval as
authorized by the Marine Protection Research and
Sanctuaries Act (MPRSA). To obtain the necessary
data, the Corps contracted with the South Carolina
Wildlife and Marine Resources Department (SCWMRD)
to conduct benthic and sedimentolugical studies in
and near the Georgetown DMDS. Specific objectives
of this studv were to:

1) Provide a review of existing information
on the phvsical, chemical and biological conditions
in the virinitv of the Georgetown DMDS an. provide
a sucoinen fescrirtion of biolovical, recreatfonal,
or other resour-es that might he arffected bv ocean
disnosal:

2y Describe the mineralogical, textural, and
chemit v, naracter ics of the bottom s~ 1iments
in rhe Searceroawn OMDS, in a control site, in
chiree stations lown carrent” of the DMDS, and in
Davigat o channe s

P Toncrites i sediment hedtoras present in
. s . S ' 41 h 1982), although temperatures have been noted
o roetown DM n toe ontrol o areg an n the :
shree U ooam rrent” ctations with resard to thei which exveed these extremes, For example,
) ST ' r Mathews and Fastnk (1977 1ud2)y aoted surface
NP Trlent 4t [Ia1¥4 [ ER I S  | . N Yoo, N
temperatures ‘rem - [1-20 % in nearshore South
_.v' . e .
Iy " a2 a2 N PP S O R PR P R Y . S B Mo B

At ol Y020 24 T A e

41 Ascertain whether the sedim nt
characteristics of the DMDS and the stations
"down current"” have been altered by current
disposal practices;

PP

5) Describe temperature-depth, salinity-
depth, and dissclved oxvgen-depth protiles
in the water column ot all stations, and
determine cencentrations of metals, pesticides,
PCB's, high mulecular weight hydrocarbtons, and
the turbidities at four staticns (one DMDS
station, one vontrol station, one “down
current’ station, and one entrance channel
station);

-
P

6) Characterize the species composition
and density of benthic communities in the
DMDS, in the control site, and in the '"down
current' stations;

+, Determine the degree of biocaccumulation
of pollutants in selected sedentary benthic
organisms collected from the DMDS, control
site, and '"down currvent' stations;

8) Assess the effects of the present
dredged material! disposal practices on bottom
communities in the DMDS and the three "down
current” stations.

K-sults presented in this report provide
baseline data necessary for appraising the
effects of deposition of dredged material in
the Georgetown ocean disposal area. The study
also supplements existing knowledge of the
physical, chemical, and biological character-
istics of the nearshore sand bottom habitat
off South Carolina.

Review of Existing Information

The following survey of existing information
is intended to provide a brief description of
the environmental conditions and biological
resources near the Georgetown DMDS. This
information is compared with that described by
the US EPA (1982) for similar disposal sites
within the South Atlantic Bight.

ENVIRONMENTAL AND BIOLOGICAL CHARACTERISTICS

Hydrography and Currents

A summary of previous studies which provide
hydrographic data in the vicinity of the
Georgetown DMDS is presented in Figure 1.
Although most of these studies sampled areas
either inshore or vffshore of the proposed DMDS,
the data generally support conditions described
by the US EPA (1982) for nearshore South
carolina waters.

Surface water temperatures in tiue nearshore
areas around Winyah Rav are usually within the
seasonal variarion of 10-25"C noted in survevs
near Savannah, Charleston, and Wilnington (US EPA,
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Sediments in the nearshere area around
Winvah Bav have not been well studied, wut shelf
gion appear 0 be primarily
rained sands

sediments in tnis re
represented DV medium-~ Tu Coarse-u
(Pilkev vt al., 19749 MMa, 1453,
of sediment siogical conditions on the siel
off South Carclina is provided in Figure 3
In the entrance cnannel of winvah Bav, iinde
et al. (1931 obtained limited intormation on

SUnmary
i

sediments at three statiens ‘ust cutside the
tetties.  fwo ul the staticns samplea in that
studv (CWDl and CW0CZ) were mostly medium to
coarse sands (> 205) and the third station (CWO03)

was mostiv silety clavs.

with respect to sediment transpor:,
Mathews et al, (19807 indicated that the north
ferty of the winvah Bav entrance channel traps
the southerlv litroral drift of sediments,
resulting in deposition at the southern end of
North Island. Theyv also indicated that the
original Winvah Bav ebb-tidal delta has largely
been destroved since completion of the south
jettv. Stapor (1978) noted that between 1925
and 1964 South Island experienced 1 net
deposition rar: of 70,000 m”/vr. from onshore
movement of sand under the iniluence of waves
and tidal currents. If similar deposition
patterns are occurring presently, it is possible
that sediments disposed in the DMDS would move
shoreward towards South Island. Additionally,
some disposal sediments could also move back
into the bav channels due to very strong tidal
currents. Because of the shallow bottom depths
in the Georgetown DMDS (% 6-1]1 m) and the
proximity ¢ this area to the entrance channel,
wave action and tidal currents should be the
primarv Yactors influencing sediment distribution.
Detailed bathvmetric survevs in the area show
no clear evidence of sediment mounding as a
result of past disposal activities (see Figure
4 for a plot o an April 1983 survey).

Chemistryv and Pellutants

Dissolved oxvgen i(n nearshore and
of fshore waters off South Carolina were recorded
over 4 30-vear period by Churgin and Halminski
(1974, Values ranged from 3.8-6.1 ml/1, with
highest dverage concentrations observed during
the winter and lowest average concentrations
observed in the summer, Near kinvah Bav, the
dissolved oxvgen in surface coastal waters
ranged from - 4.0 ml/1l to ».5 ml/1 during 1973-
1974 with similar seasonal trends in concentra-
tions (Mathews nd Pashuk, 1977, 14982).

Nutrient input to the Ceorzetown [MDS
ared mav he stronely ind Daenced by waters jrom

no sedasceaal data conld

Winvah Ba-.  Althoueh W
found for warers at the Bavoentrance, Aolen et
al. cia8l Gaested arnles dto twe Atations
in Winwvan Gaoanag oot vohimodal opattera
nitrate an: aitrite e ntrations. Gl e
values wers huwersed dn o Cal T, wsanter
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the frequency with which species of a particular
group are round in a given collection group and
fidelity measures the Jdegree to which species

are restricted to a particular collection group.

For traw!l biomass estimates, a Model [ two-
way analvsis of variance without replication was
used to dJetermine whether the mean log-transformed
biomass of bheam trawl collections differed
significantly bdetween seasons (winter, summer)
and among areas (disposal, control, and "down
current”). Due to non-normality and hetero-
weneous variances, a logarithmic {logjig (x+1)]
transformation was used on each variate
prior to .alvulation of means and analvsis of
variance.

(nfaunal community structure based on grab
collections was evaluated using several indices
of species diversity and cluster analysis. Species
diversitv was calculated on the pooled samples
collecred during each station visit using
Shannen's diversity index (H'), species richness
(SR}, and evenness (J') (Margalef, 1958; Pielou,
1975y, Total number of species and faunal
abundance were also evaluated. Normal and
inverse ¢luster analvses were conducted on log-
transformed abundance estimates from pooled (by
station) grab samples using the Bray-Curtis
similaritv coerficient (Boesch, 1977). As
with the trawl Clustér analvses, a flexible
serting striategy with a standard cluster
intensity loefficient (2) of -0.,25 was used
in Loth the normal and inverse analysis.

Species which accurred in fewer than 7% of the
130 grab samples were deleted from the data
set since rare species usually do not have
casily Jefined distribution patterms and

can confuse interpretation of cluster

analvsis, In all cases, species deleted
tecause of rare occurrence were also rare in
ibundance. In vrder to accurately compare

winter and summer data, brvozoans were also
udeleted pricr to cluster analysis, since

thev were not enumerated during winter.
Following normal and inverse analyses, a

nodal analvsis was performed using fixed
station groups (DMDS, centrol, 'down current",
hv season) ind the inverse species groups

to obtain estimates of fidelity and

onstancy as def ined above.

BLOACCTMULATION ASSESSMENT

ipecimens of the knobbed whelk, Busvcon
ari-a, were coliected in the DMDS, control
wnd Tlown surrent” areas for bicassay analysis.
“his mollusk was the only relativelv sedentary
‘rapanism whish was present in all three sampling
Arels and was larve enough to obtain sufficient

biomass for analvsis.  The species is also
commerciall harvested {n South Carolina. All
2. carica specimens were collected from bheam

*rawl samnies taken in the three areas. After
colilecrion, sperimens were preserved and
mnaivzed according tH the procedures outlined
by Pequegnat, et od.. 19H1). Ail chemical

contaminants, except i1 and grease, which

wore analvzed in water :amples were analvzed

in the figsue samples.
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Results and Discussion
HYDROGRAPHY

Water column chemistry in the study area
can be influenced by runoff, nearshore and
Gulf Streau current patterns, suspended
sediments, eolian transport and other
factors. As a result, the water chemistry
may vary considerably on a temporal basis.
Runoff from Winvah Bay and the Santee
Rivers decreases salinitiles, increases
turbidities and deposits fine sediments
offshore. Normal runoff from these systems
can be very high, with flows from the
combined river systems being > 15,000 cfs
(U.S. Geological Survey, 1979). 1In addition,
a longshore drift to the southwest is
usually present during summer months, while
a northeasterly flow exists during winter
months (Mathews and Pashuk, 1984). There-
fore, depending on season and environmental
conditions, waters from Winyah Bay may move
either to the north or south along the coast
as well as spread out towards deeper waters.

Oceanographic Parameters

Values recorded for the oceanographic
parameters measured in this study generally
agree with historic readings, although some
of the salinities recorded during the winter
cruise were particularly low. 1In that
season, surface salinities were as low as
21.9 ©/oo at station DCO3 and < 30 9/oo at
DCO2, DSO3 and DS13 (Table 2). These low
salinities were the result of runoff from
a massive rainstorm which preceded the
winter sampling cruise. Summer salinities
were generally higher than values observed
during winter. Except for the station in
Winyah Bay (CHOl) which had salinities
< 15 9/oo from surface to bottom, only omne
station (CS13) had surface water < 30 %/oo.
During a two-year study in Winyah Bay,
salinities at a station 2 miles upstream
from the mouth averaged < 15 ©/oo and
ranged from < 2 ©/o0 to > 30 /oo (Mathews
and Shealy, 1982). Nearshore surface
sdlinities off Winyah Bay are typically
> 30 °/oo (Mathews and Pashuk, 1977, 1982,
1984) .

Dissolved oxygen (DO) and water temperatures
were also within normal ranges and DO was
inversely related to temperature (Table 2).
Both summer and winter DO concentrations
wvere representative of the seasons sampled,
with higher values (> 10 mg/l) being found
in cold waters (< 9.0°C) and lower values
(< 6 mg/l) found in warmer waters (> 26.5°C).
Water temperatures were slightly cooler than
usual for summer and winter, but not abnormally
so (Mathews and Pashuk, 1984).

For all stations, turbidities were < 8.0 FTU
in surface samples and < 13.0 FTU in mid-water
samples (Table 2). Higﬁest values were
normallv encountered in bottom waters, where
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to provide a cumulative frequency curve from which
the statistical parameters were calculated
according to Folk (19n3).

A pipette analvsis was performed on those
samples which contained an appreciable amount ot
fine-grained material. These samples were
dispersed by adding 100 ml of IN sodium
metaphosphate {(NaPOjy)x: Naj0)] as a dispersing
agent and agitated using an ultrasonic dismembrator
for 15 minutes. After complete deflocculation
was achieved, the samples were wet-sieved through
a #230-mesh stainless steel screen to separate
the sand from the silt and clav. The silt and
c¢lav fraction was then transferred to a 1000-ml
graduated cvlinder and the sample was pipetted
using the withdrawal times and depths as
as outlined by Folk {(1965). The percentages
of sand, silt and clay were also recorded ror
these samples and plotted on a standard sediment-
tvpe triangular diagram.

Subsamples of sediment cores were also
collected for analysis of the following
parameters: Total organic carbon (TOC),
chemical oxygen demand (COD), Kjeldahl nitrogen,
nitrite nitrogen as NOp, nitrate nitrogen as
NOj, oil and grease, lead, zinc, mercury,
soluble phosphorus as PO,;, total phosphorus as
P04, irom, cadmium, arsenic, chromium, nickel,
copper, PCBs (as Arochlor 1254), Heptachlor,

DDT and metabolites, Endrin, Mieldrin, BHC,
Mirex, Methoxychlor, Chlordane, Toxaphene and
high-molecular-weight hydrocarbons. All samples
were preserved, processed and chemically
analyzed using the procedures described by
Pequegnat et al. (1981) and outlined for hydro-
graphic analvses, except that metals were measured
in two ways: after total extraction (bulk
chemical analysis) and after partial extraction
with 0.IN HCl. A second set of samples was
collected from three stations (CS09, DSO08,

DCO2) and preserved in the same manner for
delivery to the Charleston District Corps of
Engineers.

Sediment samples were not collected during
the winter season. However, qualitative
observations were made for each grab sample
collected for benthos.

During summer, additional sedimentological
studies included diver observations of the
bottom. CUnfortunatelv, very strong currents and
extremely poor visibility drasticallv reduced
the effectiveness of this effort and detailed
results are not presented.

BENTHIC COMMUNITY ASSESSMENT

Macrofauna were sampled during both seasons
at all randomlyv selected sites in the OMDS and
control areas, as well as at the three "down
current” gtaticus. Prior to water chemistrv or
grab sampling during the winter, qualitative
epifaunal samples were obtained at each ot the
13 stations using a beam trawl sisiiar to that
described bv Pequegnat et al. (19811, Ine tow
wAs made (n a north-south direction througn

each station, with all tow lengths standardized
to 0.5 km baseu on Loran-C positioning. Similar
beam trawls were made at the same 13 sites

in summer, but only after sediment, grab and
water chemistryv sampling was completed in order
to avoid disturbance of the bottom. Organisms
obtained in each tow were preserved in 10%
seawater-formaldehyde for later identification.
Biomass estimates were also obtained for each
sample.

Quantitative benthic samples of macrofauna
were collected using a Smith-McIntyre grab
while the research vessel was anchored on
station. Five replicate samples were collected
at each of the 13 stations (in addition to the
separate sediment samples) both seasons., After
measuring the volume of each grab sample, the
collected material was washed through a l-mm
sieve. Organisms and sediment remaining on the
sieve after washing were removed and preserved
in 10% seawater-formaldehyde with rose bengal
stain. Samples were then brought to the
laboratory aud organisms were sorted, identified
to the lowest taxonomic level, and counted.

For qualitative collections by beam trawl,
diversity was evaluated by comparing the number
of species (s) among stations. The Kruskal-
Wallis one-way analysis by ranks (Siegel, 1956)
was used to determine whether median s differed
significantly among the three areas sampled:
disposal, control and down current. A signi-
ficant difference in s between winter and
summer was evaluated by the Mann-Whitney U-test
(Sokal and Rohlf, 1982).

Qualitative data on the presence or absence
of species collected with the beam trawl were
analyzed by cluster analysis to determine
patterns of similarity among stations and
species. Only species which occurred in two
or more trawl collections were included in this
analysis.

Species and collections were classified
using a flexible sorting strategy (Lance and
Williams, 1967) with a cluster intensity
coefficient (8) of -0.25. The Jaccard
similarity coefficient (Clifford and
Stephenson, 1975) was used with presence/
absence data obtained from beam trawl
collections.

Normal and inverse ~lassifications were
produced for combined seasonal data. The result
of normal classification was a dendrogram in
which collections were clustered based on their

degree of similarity in terms of species presence.

Inverse classification produced a dendrogram in
which species were (lustered based on their
degree of similarity in terms of presence in
collections (Williams and Lambert, 1961).

Subsequent to ¢luster analvsis, species and
station groups were chosen using a variable
stopping rule (Boesch, 1977). Nodal a=nlvsis
was then used to express the degree of species/
site group 2oincidence in terms of ecolugical
constancy and fidelitv. wConstancv expresses

1y
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Table 1. Geographic positions of sites sampled during the winter and -}
summer, 1983, 4
»
SITE STATION SEASON LATITUDE LONGITUDE ‘
DS03 winter, summer 33° 10.72'N  79° 7.23'W b
DS06 winter, summer 33° 10.72'N  79° 6.80'W i
g DS08 summer 33° 10.97'N  79° 6.37'W 2
% DS09 winter 33° 10.72'N  79° 6.37'W 3
E DS10 summer 33° 11.22'N  79° 5.92'W 'j
DS11 winter 33° 10.97'N  79° 5.92'W
DS13 winter, summer 33° 11.22'N  79° 5.48'W ]
CSs02 winter, summer 33° 12.17'N  79° 7.05'W
CS04 winter 33° 12.42'N  79° 6.62'W
CsS05 summer 33° 12.17'N  79° 6.62'W
g Cs09 winter, summer 33° 11.92'N  79° 6.17'W
§ cs10 winter 33° 12.42'N  79° 5.73'W
Cs11 summer 33° 12.17'N-  79° 5.73'W
CSs13 winter, summer 33° 12.42'N 79° 5.30'W
e DCO1 winter, summer 33° 10.28'N  79° 6.92'W
5 g DCO2 winter, summer 33° 9.53'N  79° 7.47'W
o DCO3 winter, summer 39° 10.28'N  79° 7.88'W
g CHO1 summer 33° 13.20'N  79° 11.35'W
= CHO2 summer 33° 11.57'N  79° 8.0'W




station wds ocated between the OMRS and onshore
resources., wouvrdinates tur these stations,
collectively reverred to as "down current'
stations (Figure 3), are listed in Table 1.

Two additional stations were located in the
entrance chaneel, one near the ovuter limit

of the south ‘etty and one tarther up the
channel near the veorzetown lighthouse

(Figure 3). [hese .hannel stations were only
sampled during the summer season.

HYDROCRAPHIC AS3SESSMENT

femperature, salinity, dissolved oxygen
and turbiditv measurements were obtained at
surface, midwater and bhottom depth intervals
using Van Lorn bottles. A standard thermometer
was used TOor temperdture measurements and
Yellow Springs Instrument ST, -DO meters and
probes (Model 33 SCT, Mode! 51 DO) were used
to measure salinitv and dissolved oxvgen. The
accuracy of these instruments was verified
prior to sampling »v separiate measurements of
a surface water sample taken at each site using
a backup set of instruments. Turbidity samples
were brought to the laboratorv for measurement
on a Hach Model 2100A turbidimeter. All water
parameters were measured during winter and
summer periods 4t nine stations: two in the
DMDS area fmost landward and most seaward
stations), two in the control area (most
landward and most seaward stations), the three
"down current' staticns, and the two channel
stations (summer onlv).

During the summer sampling period,
additional water samples were collected at
four stations (L8049, DS08, DCO2 ard CHOZ) for
analyses of cil and grease, lead, zinc, mercury,
cadmium, arsenic, chromiun, nickel, copper,
PCBs (as Arochlor 1254), Heptachlor, DDT and
metabolites, Endrin, Dieldrin, BHC, Mirex,
Methoxychlor, Chlordane, Toxaphene and high-
molecular-weight hvdrocarbons. These samples
were collected from bottom waters using a
nonmetallic, acrvlic, Van-Dorn tvpe water
bottle with silicon-coated end caps. The
samples were collected, processed and
analvzed in the laboratory using methods
described by Pequegnat et al. (1981). In the
case of trace metals, the alternative
procedures described in Federal Registers
(Vol. a4, No. 223, p. 69568, Vol. <4, No. 244,
p. T3N2¥; 1479) were used. Nutrients were
measured using a Bausch and Lomb Model 70
spectrophotometer. Pesticides and hvdro-
carbons were measured using a Hewlett-
fackard gas chromatograph, and oil and grease
was measured by freon extraction. All metals
were analvzed either on a Perkin-Elmer Model
136 or Model +hHU atomic absorption spectro-
photometer, with the Model 306 being used for
all flame analvses plus the mercury flameless
analvsis, and the Model 460 being used for
graphite furnace (flameless) analvses.

Current measurements were obtained at
the 1) stations outside the channel during
both seasons. An indeco Model 110 current

meter was used to obtain surface and bottom

estimates or current speed and direction.
All measurements were obtained while the
research vessel was anchored on staticn.

Surface measurements were obtained at
approximately 3-n depth to insure that the
instrumert wis 1t least 1 m below the vessel's
keel. Bottom measurements were obtained
approximatelv | m above the bottom., Inter-
mediate current Medsurements were not taken
due to the »hallow water depths at the
stations.

General meteorological and related
observations were noted during every station
visit. Observations included estimates of wind
direction and speed, barometric pressure, cloud
cover, precipitation, wave height and wave
direction.

SEDIMENTOLOGICAL ASSESSMENT

Bottom sediments were collected at all
15 stations during the summer season using a
Smith-McIntyre grab. This grab is designed
to take an intact sample of offshore sandy
sediments with minimal washout. Sediments
were removed from the center of the first
undisturbed grab sample collected at each
site using methods described by Pequegnat
et al. (1981).

Sediment subsamples for granulometric
annlyses were allowed to air dry and then
v uaggregated using a rubber-tipped pestle
and split into two representative portions.
One half of each sample wasg used for
mineralogical analysis and the other for
textural analysis. Those samples which
contained significant quantities (more than
a few percent) of material finer than 4 ¢
(0.0625 mm) were analvzed by both coarse sieving
and pipette techniques.

A mineralogical analysis was performed on
each of the samples to determine the percent
weight of quartz and calcium carbonate (shells).
Acid leaching using dilute (10%) HCl was
utilized to determine the calcium carbonate
content of the samples. Those samples which
contained a high percentage of clav (making
them very compact) were placed in distilled
water and disaggregated using an ultrasonic
dismembrator. After sample disaggregation was
achieved, 200 ml of dilute HCl was added to
dissolve the carbonate constituents. Upon
complete leaching, the weight of the dried
filtrate was determined and the percentage of
acid-soluble calcium carbonate was calculateq
for each of the samples.

A grain size analvsis of the bottom
sediments was performed to determine the mean
grain size, sorting, skewness and kurtosis for
the samples. Grain size determinations were
made using a Ro-tap mechanical shaker and 1/2 ¢
interval screens. The weight of the sediment
retained on each screen (sieve fraction) was
recorded. The weight percent and cumulative
weight percent for each of the size classes
were determined. These data were then plotted
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since there are oo plers or veot o

nearby (Flaure .. Necreativoa. Tisbing
around the entrauce
Winvah Bav mav be 2ffecred temborarils
by increased wiater turbidirw.

unel  eflies te

Natural and Articicta. soe

‘he approxinate o
reefs in the studv re noare ident:ivy
Figure 5. The "Ceorgetown wreok' 15 th
nearest the DMDS and is located avproxim
5 miles to the norrheast (Mvactt, 1978y, The
only other reefs near the DMDS are the "Hector"
and "City or Richmond"” wrecks located approxi-
mately < miles to the south=-southeast. Lt is
unlikely that these ree:s would be negatively
influenced by disposal Hperations in the

Georgetown DMDS, due tu their distance from
this site. Natural hard bottom reefs are not
known to occur in the area around Winvah Bavy:
rather, most natural reefs are located further
offshore (Henrv zand Siles, L979; Hiller and
Richards, 1980; SCWMRD, 19Y82), or farther

to the north (Parker et al., 1272). "East
Bank'', a shoal located approximatelv one

mile to the southwest of the DMDS, mav

be a shell bank supporting sessile reef
biota: however, no studies have heen

done on this bank.

Endangered Species

Habitat locations for endangered species
in the study area are summarized in Figure 6.
The two most important species that might be
affected by offshore disposal uperations are
the shortnose sturgeon (Acipenser brevirostrum)
and the loggerhead turtle (Caretta caretta).
Shortnose sturgeon have been voliccted
around the ietties in winter (Smich, T.I.J.,
pers. comm.), but this species spends most of
its life in freshwater (Leland, 1968). The
incidence of loggerhead turtle nesting is
moderate on North Island and high on South
Island (Davis et al., 1980). In south Carolina,
adult females come ashore to nest Irom mid-
May to mid-August, and manv appear to use the
waters around the DMDS during their movements
(Hopkine¢ and Murphwv, 19Y81). The influence of
disposal activities on turtle mevements are
not known, but effects would srohable e
limited to localized interrupfion of —nsnore
migration rather than any Mirect impact on
beach nesting areas.

Other Resvurces

The location of marine bistorical teatyres,
preserves, wildlite centers, revreationad
beaches and ports are shown in iigures n and 7.
The onlv nearhv historical f{eature, —ther than
the shipwrecks mentioned previcusiv, is the

"Sir Robert Peel"” wreck iocated just inshore

of the IMDS. No historical features are xnown

to he located within the TS, Althouwh there
ire aumerous preserves and wiidlite “enters along
the coast, ofishore disposal o1 siand sediments

in the ,eorzetown

{+ ant expected 7o have

A Sl Al A A A S0 i A I SR ARl AL AL S el Rk e i S A

any significant mmpact on the wildlife in
those areas. Vurthermore, disposal is not
anticipated to adversely arfect the nearest
recreational beaches, which are located
approximately 15 miles to the north of
Winvah Bav. Finally, shipping to the port
of Georgetown would not be impeded since
the disposal area is located vutside of the
shipping channels.

Methods

LOCATION OF STUDY AREAS

The general location of stations sampled
in this study 1s shown in Figure 8. Stations
located in the Georgetown DMDS were within the
boundaries defined by a rectangle having the

following corner coordinates: p
(1) 33°11'18"N (2) 33°11'18"N 3
79°07'20"W 79°05'23"W 1

(3) 33°10'38"N (4) 33°10'38"N

79°07'21"W 79°05'24"W

The control sites selected for study were also 4
located within a rectangular area situated }
just north of the entrance channel to
Georgetown Harbor. Water depths in this

area were similar to the DMDS and the control
area was approximately the same distance from -
shore. Coordinates of the corners of the

control area were: b

(1) 33°12'30"N (2) 33°12'30"N
79°07'09"W 79°05'12"W

(3) 33°11'S0"N (4) 33°11'S50"N
79°07'09"W 79°05'12"W

Within both the DMDS and the control sites,

15 points were located so that there were

three rows of 5 equallv spaced points (Figure 8).
The four corner points in each area were
located approximately 150 m inside the site
boundaries. The east-west separation of points
was approximately 680 m and the north-south
separation of points was approximately 460 m.
Five points from each of the above areas (DMDS,
control) were randomly selected during winter
(February 1983) and summer (July 1983) sampling
periods using a stratified random selection
technique; i.e., one point was randomly
selected from each of the 5 columns of 3 points.
This sampling design insured adequate sampling
of each area for a vomplete representation of
the bottom. The random sampling design also
permitted appropriate statistical analyses.
Stativons selected for sampling during each
season are listed in Table 1. All stations
were located using lLoran-t poisitiong with a
Loran piotter svstem,

Based Hn the wuidelines of Pequegnat et al.
71981) and on limited ~urrent Jata, two stations
were Jovated in the general direction of
predominant nearshore currents, ind a third
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(Ictalurus catus), Atlantic croaker
(Micropogonias undulatus), hog choker
(Trinectes maculatus) and tonguefish
(Symphurus plagiusa). Hinde et al. (1981)
also collected these species and numerous
others.

Biological data collected from the
above studies generally support the infor-
mation presented by the US EPA (1982) for
the South Atlantic Bight. However, excep-
tions are noted with respect to infaunal
assemblages (see Results and Discussion).

LOCATION IN RELATION TO LIVING AND NON-
LIVING RESOURCES

Fisheries and Shellfish Grounds

Commercially and recreationally important
species found in the estuarine and coastal
marine areas around Winyah Bay include
shrimp (Penaeus setiferus, P. aztecus), blue
crabs (Callinectes sapidus), oysters
(Crassostrea virginica), clams (Mercenaria
mercenaria), Atlantic sturgeon (Acigenset
oxyrhynchus) and other finfish species
such as black sea bass (Centrogristis
striata), porgy (Pagrus pagrus, Calamus
leucosteus), grouper (Mycteroperca microlepis,
M. phenax), red snapper (Lutjanus campechanus),
mackerel (Scomberomorus cavalla) and many
others. The general location of these
fisheries is summarized in Figure 5.

Commercial shrimping occurs primarily
within 3 miles of shore; however, around
the entrance to Winyah Bay shrimpers often
work further offshore (3-5 mi.). In South
Carolina, shrimping occurs from May through
December with peak catches in September and
October. Incidental catches from the
shrimp fishery are also economically impor-~
tant and include many finfish species
(Ketser, 1977). Shrimp populations in the
area around the disposal site might decline
during periods of disposal due to the
associlated increased turbidity; however,
the effects of offshore disposal of
dredged materials on shrimp populations
have not been adequately studied.

The mollusk fisheries are also seasonal,
beginning in September and ending in May.
In Georgetown County, clam landings were
of much greater economic value than oyster
landings during 1982 (SCWMRD, unpubl. data).
Clam harvesting in the Santee estuary
increased considerably after the introduc-
tion of hydraulic harvesting in 1974
(McKenzie et al., 1980). The scheduled
rediversion of waters from the Cooper
River estuarv, however, is expected to
largely destrov shellfish grounds in the
Santee estuarv. Disposal of offshore
channel sediments {n the Georgetown DMDS
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will probably not have much etfect on the
inshore shellfish grounds, since they are
not cluse to the DMDS (Figure 5).

The amount of blue crabs caught in
Georgetown County was greater during
spring, summer and fall months than during
winter, with greatest catches during March
of 1982 (SCWMRD, unpubl. data). As noted
for clam and oyster beds, it is unlikely
that the blue crab fishery in the Winyah
Bay and Santee River estuaries will be
influenced by offshore disposal of sand
sediments.

Commercial finfish landings in
Georgetown County totaled more than two
million pounds (SCWMRD, unpubl. data). As
noted earlier, many of the fishes landed
include black sea bass, grouper, snapper,
porgy and other reef fishes. These fishes
are associated primarily with offshore
hard bottom reef habitats, which have not
been found near the Georgetown DMDS.

Winyah Bay is the location of the
biggest Atlantic sturgeon fishery in the
Sea Islands coastal region (McKenzie et
al., 1980) and almost 50,000 1lbs. of
sturgeon were landed in Georgetown County
during 1982 (SCWMRD, unpubl., data).

These fish are generally caught with nets
set in the ocean near the jetties. Due

to the proximity of this fishery to the
Georgetown DMDS, there is the possibility
of negative effects if disposal activities
take place when sturgeon are abundant

near the DMDS. Although specific effects
of disposal operations on sturgeon popula-
tions have not been documented, Morton
(1977) noted mortality and displacement

of other fishes resulting from increased
turbidity, Leland (1968) indicates that
sturgeon gather at the inlets during
February and March and then move up the
inlets as temperatures rise. The fishing
season around the jetties begins 15
February and ends 15 April, although
sturgeon are still in the area after

that date (Smith et al., 1982; SCWMRD,
unpubl. data). Most sturgeon landings

in Georgetown County occurred from February

to June during 1982, with peak landings
occurring during March and April.
Negative impacts on the sturgeon fishery
could be minimized if disposal operations
are avoided during the period from mid-
February through May.

Recreational finfish catches are
primarily from head-boat charters to
offshore reefs, fishing on private boats
for reef fish and large pelagic species,
and pier fishing. Most recreational
finfish catches would not be influenced

by disposal activities in the Georgetown DMDS
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levels and noted highest concentrations
in summer and earlv fall and lowest concentra-
tions in winter.

Jones, Edmunds and Associates, Inc. (1979c¢)
measured concentrations of nutrients, trace metals,
and organic pollutants in waters from the
Georgetown DMDS, as well as from four stations
in the entrance channel. They did not Jdetect
any pesticides or PCBs in their samples, nor
did thev observe high concentrations of
nutrients or trace merals among the samples
tested. However, the did measure cadmium
concentration in DMDS waters which was 22
times the limiting permissible concentration.

Bed sediments in Winvah Bay were analvzed
for trace metals and pesticides by Johnson
(1970). He concluded that Winvah Bav is
relatively unpolluted bv pesticides, although
he found some trace metals. Sediments in the
Georgetown DMDS have not been analyvzed for
pesticides or trace metals prior to the present
study, but Van Dolah et al. (1983) noted only
low concentrations of metals and nutrients
in sediments collected from the Charleston
DMDS.

Biology

Phvtoplankton and zooplankton communities
have not been well studied in the nearshore
coastal waters of South Carolina. The limited
data available for these planktonic groups is
best summarized by Sandifer et al. (1980). In
Winvah Bay, Allen et al. (1982) examined
chlorophyll concentrations and noted highest
values in summer months (July - Sept.). Just
north of Winvah Bay, Lonsdale and Coull (1977)
examined the seasonal composition of zooplankton
communities in North Inlet. Theyv noted that
copepods dominated the community (64-69% of
total densityv) with the most abundant species
being Parvocalanus crassirostris, Acartia
tonsa, Jithona colcarva, and Euterpina acutifrons.
The US EPA (1982) also notes that inshore waters
are Jominated by copepods.

The potential effects of offshore disposal
on plankton communities around the Georgetown
OMDS cannot »e easilv defined, but it is likely
that increased turbidities from disposal
operations would have some localized impacts.
Jf most concern are the nauplii of certain
species of snrimp (Penaeus setiferus, P. aztecus)
and larval ichthvotauna. Short-term dfsposal
of sand sediments should not have an enduring
impact on these taxa, but longer-term disposal
ot disposal »f silts and clavs might be more
severe in their effects.

Benthic communities are probablv the best
bivlogival indicators of disposal impacts because
moust infaunal species comprising those communities
ire relativelv sedentarwv., Benthic communities
inhabitineg sand bhottom areas of shallow coastal
waters have heen examined in the Charleston DMDS
(US EPA, 1982; Van Dolah et al., 1983) and at
Murrells Inlet (HKnott et al., 1983a, 1983h).
L.Limited samples were alne coliected in the
entrance channel ty Winvah Bav juast outside the
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jetties (Hinde «t al., 1931). Kelativels
diverse infaunal assemblases were noted in

all areas, with polvchaetes cencerally wominating
the communitiex. Abundant intaunal species

in the Charleston MDS area included tiic
~ephalochordate Branchicstuma caribacam: tne
sipunculid Aspidosiphon inalis: the nolvehaetes
Spiophanes bombyvx, Goniadides carclinae, >57is

pettiboneae, Nephtyvs picta and Prienc ©
cristaca; the iunulitiform brvezoan upuladria
doma; the amphipod Rhepoxvnius epistomus; and
nematodes fVan Dolah et al., 1983). At Murrells
Inlet, the abundant subtidal infauna were the
polvchaetes 5. bombvx, Scolelepis squamata and
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deichmannae, Acanthohaustorius millsi, and
Platyischnopidae; the bivalves Tellina sp.,
Crassinella martinicensis and Donax variabilis;
and nematodes (Knott et al., 1983h). In the
entrance channel to Ceorgetown Harbor, the
bivalves Mulinia lateralis and Crassinella
lunulata and the polychaetes P. cristata and
Paraprionospio pinnata were most abundant (Hinde
et al., 1981).

Sessile benthic invertebrates commonly
found in the Charleston DMDS included the hydroid
Clytia cylindrica; the bryozoans Membranipora

tenuils, Microporella ciliata and Parasmittina
nitida; and the barnacle Balanus venustus.

Most of the these sessile species were attached
to large shells, and other firm substrata. The
bivalve Chama macerophylla and the sand dollar
Mellita quinquiesperforata were also prevalent

in this DMDS, with M. gquinquiesperforata being
most common in finer sediments (Van Dolah et al.,
1983).

In the entrance channel to Georgetown Harbor,
sand dollars (M. quinquiesperforata) were the most
abundant large invertebrates collected by dredge,
whereas shrimp (Penaeus setiferus, P. aztecus)
and blue crabs (Callinectes sapidus) were the
most abundant invertebrates caught by trawl
(Hinde et al., 1981). Wenner et al. (1981) also
found these decapod crustaceans to be numerically
dominant in their study of Winyah Bay.

No long-term effects of disposal on benthic
communities have been detected in the Charleston
DMDS, primarily due to the similarity of dredged
material to the existing sediments in the
disposal area (Van Dolah et al., 1983). Data
on benthic communities present in the Georgetlown
DMDS were lacking prior to the present studv.

Demersal fish communities associated with
sand bottom habitat 1in South Carolina coastal
waters have been examined by Wenner and Barans
(1980). Dominant species in the 9-18 m depth
zone included southern porgy (Stenotcmus
aculeatus), sea cat (Arius felis), sand perch
(Diplectrum formosum), lizard fish (Svnodus
foetens) and spot (lLeiostomus xanthurus).
Abundant fishes caught in the Winvah Bav
estuarine system bv Wenner et al. (1981) and
Allen et al. (1982) included Atlantic menhaden
(Brevoortia tyvrannus), silver perch (Bairdiella
chrysura), bay anchovy fAnchea m'cchilli), star

regalis), spot (L. xanthurus), white cattish
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P Figure 4. Three-dimensional plot of bottom survey data collected in the
Georgetown DMDS by the U.S. Army Corps of Engineers, April 1983.
Rectangular boundaries represent the DMDS boundaries and dots
represent the stations sampled during winter and summer in the
present study. The vertical scale is greatly exaggerated relative
to the horizontal scale,
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greatest trubldity would ce expected due to
suspended sediments. 1o these bottom samples,
turhidities in winter would have heen influenced

by the nhigh runoff trom Winvah Bav, which produced
a maximum of -2.9 FTT" at statjon DsU3., The highest
bottom rurbidities in summer (up to 28.0 FTU) may
have resulted trom the activity of shrimp trawlers
in the aren auring the summer sampling cruise.

Turbidities at the mouths of other South
Carolina estuarics have greatly exceeded the
maximum value recordeu during this studyv. Mathews
and Shealy (1Y32) and Mathews et al. (1981) reported
maxima of 135 FTU at che mouth of Charleston Harbor,
91 FTU at the mouth otf the South Santee River, and
B4 FTU at the mouth of the North Santee River. Our
winter and summer maxima were much lower (42.0 and
28.0 FTU, respectively) and, hence, well within
the extremes noted 1t «tner nearbyv sites.

Currents

Measurements obtained at the 13 offshore
staticns indicate that water movement in the DMDS,
control and "down current' areas is strongly
influenced bv zidal currents (Figures 9-10).
current velccities raaged “rom 0.1-0.9 knots
during winter and U.l-1.1 knots during summer
sampling periods (Appendix 1). Surface and
bottom current- generallv flowed in a southerly
or south-easterly direction during ebb tides.
This suggests that water leaving Winvan Bay
is diverted bv nearshore currents which generally
run in a southerly directicn along the coast
(Mathews and Pashuk, 1977). C(urrent directions
measured near slack-tide periods were more
variable and often differed be:tween surface and
bottom waters. (enerallv, flood-tide currents
were tirst detected near the bottom and ebb-tide
currents were !irst observed in surface waters
(Appendix 1). Juring f{lood tides, the general
current direction was towards the north, or
towards the Wwinvah Bav entrance channel. Thus,
tidal currents appear to have a stronger
influence on waters in the vicinitv of the
DMDS than searshore currents. However, the
limited current measurements collected during
this study were onlv intended to supplement
other hvdrographic data and these measurements
probablv do not adequatelv define current
regimes in the study drea.

Chemistry and fvliutants

Trace metals were generally low in
concentration, with many being below the
detection limits, e.g. nickel, copper, lead
and mercurv f‘Appendix 2 and Table 3). The
values reported in this study are generally
much lower than values noted bv Jones, Edmunds
and Associates (JEA) (1979c.) in their study of
the Seorgzetown Harhor channel, but were more
similar to the Interstate Llectronics Corp. (IEC)
results (US EPa, 1982) obtained for the
Charleston DMDS (Tabhle 4). Specifically, our
cadmium concentrations were higher than the
[EC Charleston values (maxima of 7.1 ug/l and
0.493 .g/l, respectivelv), but much lower than
the JEA ceorgetown resusts (up to 150 ug/l).
Nickel and lead - oncentrations measured in the

present studv were below the detection limit
for each metal, whereas concentrations noted
by JEA were as hiuh as 7bU g/l for nickel

and 1A00 g/l ‘or iead. Tinc concentrations
(minus estimates measured in the contrul blank
sample) were luwer than the concentrations
noted bv JEA, Lut arsenic concentrations

were all higher than those measured by JEA,
i.e., 32.4-92.% g/l versus < lU.U=-30.U .g/1
(Table 4).

A study in Corpus Christi Bay by Holmes
et al., (1974) found a seasonal variation in
cadmium and zinc concentrations, but their
overall resulcts for estimates obtained in
winter correlate well with this study. Summer
values obtained bv Holmes et al. (1974) were
much higher due to stagnation within the bay,
a vondition c¢learly not present in our study
area. Windom (1972) reported copper, lead,
cadmium, zinc and mercurv concentrations
in the Savannah Xiver before, during, and
after dredging operations. He noted values
of <1 to 56 ng/l for copper, < 2.0 to 9.8 ug/l
for lead, 0.05~0.49 ug/l for cadmium, 11-32
ug/l for zinc, and 4.15-0.21 ug/l for mercury.
Our values were comparable, although we noted
higher cadmium concentrations and lower lead
concentrations (Table 4).

The various PCBs and pesticides listed in
Table 4 were below the 50 ppb detection limits
listed by Pequegnat et al. (1981) and, hence,
they are assumed to be trace amounts. The
oil and grease determination however, was
positive but not particularly high. Our
values ranged from 3.0-4.0 mg/l as compared
to the JEA (i979¢c) range of 20-29 mg/l.

BOTTOM SEDIMENTS

Granulometric Analvses

Bottom sediments at stations sampled in
the DMDS consisted of moderately to poorly
sorted quartz sand having an average mean
grain size of 0.71¢ (Table 5, Figure 11).

The silt and clav content of the five samples
collected from this area was less than 1%
(Table 6, Figure 12), suggesting that finer-
grained sediments are winnowed out as a
result of wave and current activitv. Bottom
sediments in this region are apparently

not below the wave base, thus inhibiting
deposition and allowing for removal of fine-
grained sediments. The coarse sandy bottom
present in the disposal area suggests that
any fine-grained sediments previously disposed
in the DMDS have been largelv dispersed from
the study area.

The concentration of calcium carbonate
(shell material) varied from 4.66 - 14.97%
in the disposal area (Table 7, Figure 13).
Station DSO03 had the highest concentration
of calcium carbonate (14.97%) as a result
of the abundance of both whole and fragmented
shell material. Some of the shell material
present may be from "East Bank' (a large
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Table 3. Maximum concentrations of various substances measured in
sediment, water, and tissue samples collected from the
vicinity of the Georgetown DMDS.

PARAMETER SEDIMENT WATER TISSUE |
0il and grease CHO2 687 mg/kg DS,DC 4.0 mg/1 . ND ﬁ
Nitrate as NOg CS13 533.33 mg/kg NA ND
Nitrite as NO, CHOL 106.28 mg/kg NA ND
Total Kjeldahl
Nitrogen DCO1l 994 mg/kg NA ND
Soluble Phosphorus
as PO, DS03 1.72 mg/kg NA ND
Total Phosphorus
as PO, DCOL 53.13 mg/kg NA ND
Total Organic
Carbon DCOl 0.810% mg/g NA ND
Cadmium ND Cs05 7.1 mg/l ND
Arsenic CS13 1.47 ug/g CS05 92.8 mg/1 DS 2.34 mg/g
Chromium ND CS05 5.3 mg/l ND
Nickel ND ND ND
Copper DCO3 4.02 ug/g ND DS 9.65 mg/g
Iron DCO3 15,473 ug/g ND ND
Lead ND ND ND
Mercury DS08 0.61 ug/g ND ND
Zinc CHO2 41.04 ug/g CHO1 265 mg/l1 DS  53.61 mg/g
Pesticides ND ND ND

Total resolved
Hydrocarbons €cs02 8.95 ug/g CHOL 416.63 mg/l ND

ND - Not Detectable
NA - Not Analyzable
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Table 5. Statistical analysis of the grain size distribution for sediments
from the Georgetown DMDS and vicinity. Data presented in f unics.

STANDARD - ]
STATIONS MEAN MEDIAN DEVIATION SKEWNESS KURTOSIS e
]
DS03 0.16 0.90 1.41 -0.56 0.83 S
DS06 0.91 1.10 0.83 -0.32 1.24 =
DS08 0.86 1.15 1.05 -0.45 0.94 o
DS10 0.80 1.10 0.78 -0.50 0.75 J
DS13 0.84 1.08 0.79 -0.39 1.04 ;

Cs02 0.83 1.15 0.83 -0.52 1.20
CS05 0.78 1.15 0.85 -0.58 1.34 )
Cs09 0.60 0.70 1.00 -0.15 1.06 B
csS1i 1.13 0.45 2.52 +0.48 2.12 1
CS13 0.83 1.08 0.95 -0.36 0.85 -7
DCO1 1.89 2.00 0.65 -0.39 1.27 "
DCO2 1.03 1.20 0.85 -0.42 1.81 g
DCO3 4.59 4,60 2.56 +0.05 0.83 ‘Aj
CHO1 1.58 1.50 0.83 -0.05 1.09 ;'A
CHO2 3.73 3.10 1.88 +0.53 1.02 ]
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MEAN GRAIN SEDIMENT SIZE

WINYAH  BAY ENTRANCE

DOWN CURRENT. . BITES

53 Coarse Sand(0.0-1.04)
) Medium Sand(1.0-2.0¢)
Very Fine Sand

(3.0-4.04)
M coarse Siit(4.0-5.0¢)

e
A v
.

Tigure 11.

Distribution of mean grain size of sediments collected
from the Georgetown DIDS and vicinity.
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Table 6. Percentages of sand, silt and clay in sediments from the
Georgetown DMDS and vicinity. Estimates represent percent {
by weight. ;
[«
4
|
STATIONS SAND SILT - CLAY
DS03 99.74 0.26 i
DSO6 99,96 0.04
DSO08 99.33 0.67 !
DS10 100 trace
DS13 100 trace ]
Cs02 99.40 0.60
Cs05 99.9& 0.02
Cs09 99.46 0.54
Cs11 83.66 6.42 9.92
Csl3 99.85 0.15
DCO1 99.11 0.89
DCO2 99.88 0.12
DCO3 37.89 27.39 34.72
CHO1 99.94 0.06
CHO2 54.72 20.09 25.19
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256% 76%

8ilty Clay

Sandy Clay

®DCo3

SAND/SILT/
CLAY

Clayey Sand Clayey Silt

75% CHo2e

o 12 Remaining

Samples 8ilty Sand Sandy 8ilt

256% 50% 76%

Tigure 12, Shepard's classification of sediment types at stations in
the Georgetown D!DS and vicinit:y’.
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Table 7. Calcium carbonate content of sediments from the Georgetown DMDS
and vicinity. Estimates represent percent by weight.

' )
D)\ {
. CaC03 QUARTZ j
STATIONS (Shell) (Non-carbonates) J
ATIONS Asher’) 4
‘ DS03 14.97 85.03 j
. DS06 6.18 93.82
DS08 8.39 91.61 ,
DS10 5.26 94.74 1
DS13 4.66 95.34 .
cs02 6.00 94.00
» €S05 7.33 92.67
cS09 10.88 89.12
cs11 10.65 89.35
cs13 10.09 89.91
DCOL 9.65 90.35
B DCO2 6.33 93.67
DCO3 27.69 72.31
CHO1 3.46 96.54
CHO2 16.38 83.62
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Figure 13.

Distribution of percent calcium carbonate content of
sediments collected from the Georgetown DMDS and vicinity,
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shell hark) located to the west of the DMDS.

Like those at DMDS sites, bottom sediments
it contral sites consisted primarilv of moderately
to noorly sursed clean coarse sand having an
average mean grain size of 0.830 (Table 5, Figure
11y, All of the control site stations, with the
exception of stition CSl1l, contained less than 1%
hv weight of silc and clav (Table 6, Figure 12).
sediments at CS11 consisted of medium sand
containing 6.32% silt and 9.9.7% clay. The average
mean grain size of these bottom samples was not
significantlvy different from that of the disposal
area (P~ 3.US, ANUVA). Values obtained {or the
concentration of calcium carbonate (shell material)
are, however, slizhtly higher {n the control area
{(Table 7, Figure 13).

Bottom sediments collected at the "down
current' sites differed from sediments found in
the DMDS and contreol areas. Medium quartz sand
was present at DCOl and DC0O2 (Figure 11), and
0C03 consisted mostly of a calcareous coarse silt
(Tables 5-7, Figures 11-13}. The accumulation of
this fine-grained shell hash (27.19% (CaCOj3) may
result from wave abrasion of shell material present
on "East Bank'. All three samples collected from
the "down current' sites were consistently finer-
zralned than those samples examined from either
the control or disposal sites (Table 5), although
differences were not statistically significant
(P > 0,05, ANOVA). The decrease in grain size
suggests a southerly current dispersal pattern for
the sediments {n the area.

The two samples collected from the entrance
channel leading into Georgetown Harbor differed
from sediments collected at most of the offshore
stations. Station CHO2, located near the seaward
extension of the jetties, consisted of poorly
sorted clavey sand (Tables 5-7). The high
concentration of silt and clay (45.28%) suggests
that the channel acts as a settling basin for the
deposition of silt and clay. This sample also
contained a high concentration (16.38%) of calcium
carbonate (Table 7). Station CHOl, located further
up the bay, consisted of moderately sorted, clean
medium sand. Both of these samples suggest that
the sediment currently being deposited within the
channel {s finer-grained than the sediment found
within the control or disposal sites located
of fshore.

Bottom sediments observed by divers showed
evidence of wave disturbance at some stations tut
not at others. Divers also observed wave influence
of sediments at stations in the Charleston DMDS
which were even deeper than those sampled in the
feorgetown DMDS (SCWMRD, 1979). Thus, it is
probable that wave disturbance is an important
factor influencing bottom sediments in the
“eorgetown DMDS.

Chemistry and Pollutants

Although contaminant concentrations were
quite low for most of the water samples collected
i~ this studv, thev were much higher in the
sediments., The higher concentrations measured,
however, are not abnormal. The usual sources of

<

contamination in sediments are the same as
those for water pollution, i.e. runoff from
urban areas, eolian transport, various
industrial sources and occasional spills.
Depending upon current regimes, flushing

rates, and mixing processes, contaminant loads.
in the sediments can be insignificant or
relatively high. As noted previously,
dispersal of suspended sediments near Winyah
Bay should be rather widespread, thus precluding
the buildup of contaminants in a small
geographic area.

Maximum trace metal concentrations measured
in this study are presented in Table 3 and
Appendix 3. The extreme concentrations are
listed in Table 8 for each site and are compared
with previous studies in the Charleston DMDS
(US EPA, 1982, SCWMRD, 1979). Utilizing the
total digestion procedures, our concentration
ranges exceeded values noted in the Charleston
DMDS for iron, nickel and zinc (Table 8).
Highest concentrations of these metals
occurred at the channel station CHO2. The
high iron concentrations may be due to long-term
industrial discharges. All trace metal
concentrations measured in our study were
within (or lower than) the extremes noted by
Chen et al. (1976).

Windom (1973) found mercury in marsh
sediments along the Savannah River up to 4 ug/g,
considerably higher than our maximum of 0.61
vg/g. In addition, Holmes et al. (1974)
reported zinc concentrations in Corpus Christi
Bay sediments from 6-235 ug/g and cadmium from
0.1-1.9 ug/g. In each case, the maximum
concentrations noted far exceeded our maxima,
i.e. 235 ug/g versus 41.04 ug/g and 1.9 ug/g
versus < 0.1 ug/g. In a 1971 study at Winyah
Bay, Johnson (1972) observed sediment
concentrations of 48-76 ug/g copper, 92 ug/g
zinc, 3,800-4,800 ug/g iron, 8-12 ug/g arsenic,
4.0-16 ug/g lead, 0.063-0.088 ug/g mercury at
a station 9-12 miles up river from the mouth.
No detectable cadmium or chromium concentrations
were noted in that study. Concentrations
detected in our study using total digestion
were higher for mercury, iron, and chromium;
lower for lead, arsenic, copper, and zinc; and
similar for cadmium (Appendix 3).

Utilizing data obtained by partial
extraction with 0.1 N HCl, we found all metals
except lead to be lower in concentration as
compared to total digestion (Appendix 3).
Partial extraction tends to remove the readily-
leached metals from the sediments, which might
be available for bioconcentration. Values we
observed, based on partial extraction, were
generally similar to the concentrations noted
in Busycon carica tissue (Appendices J and 12).
Copper and zinc concentrations, however, were
higher in the B. carica tissue than in the
sediments, and the concentration of lead in
the sediments at CH02 was higher than that
noted in B. carica. Bothner et al. (1980)
found zinc concentrations virtually identical
to ours in sediments from an area southeast of
Winyah Bay at mid- to outer-shelf depths.
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Their partias lcachine technigue tsed as 5.4
teher concentra-
tions fur chwremium and copper. Their Yindings

indicate ! a1 mer T ariang o anthronopenic

N OHNO3 and, nence, resusted inob

metals in sedimencs o7 the continental shelf

2fF souric aaruiinag.

Nee PUBS or pesticides were detected

: . in the sediments at anv of the
stations - Table ¥, avpendix 3).  Concentrations
Of B, UDE and Jdieldrin have zeen reported as
sk, and Y.Ll e ke,
respectivels : Bav sediments ('ohnson,
L¢7)Y . cur results oat the mouth and orffshore
mav have heen svmewhat higher than these, since

Hivh ds ..

our cdetection limit was 30 uy/kg.  Chen et al.
(178 reported extremes for both PCBs and
nesticides of »-10 .g'kg. Without Iiner
resolution, we «an cnlv ccenclude that our
samples mav have been within these limirts,

rotal ore. rarbon (TOL) measurements
vielded walues from U.47 mg/g at CSO05 to 3.10
me /oo oat OC0L. These extremes coincide with
vaiues reported for the Charleston DMDS (Table
3. 0Ll and srease determinations ranged from
A 10w ooro-om oy e oat CHOL, 0803, and DSL6, to
¥ ohiieh ot s87 mz ke at THOZ.  Jur maximum at
edull site greatly exceeded the oil ind grease
oncentriations reported for the cCharleston

DMLS T S BN mr I0C and oil and arease
vdiues, Mowever, were relatively cow compared
te ooncentritions reported bHw tChen ot al. (1976),

ent nutrient concentrations varied
considerabiy sampiing sites (Appendix
3. 7 1trite concentrations (333,33
qg. kg ) coourTed 1t 313, while the minimum

Lo se me ke owas recocded at J5053.0 Sediments
in the disposal site senerallv had @ lower
soncentrations @ onitrate rhan the other sites
(L7035 -800nk me kg All sampling sites

in zhis st had much nigher nitrate
levels than stations sampled in the Charleston
aMOs T s 4. irrite was similarly variable
with respest to locatior and much higher than

S ‘Table 3).

Sedin

surveved

reported in the T

nisrowen ranged from 20-994
a2 ke with o areat variihil it between the sampling
sites T abie The overali magnitude of

iles

R TSRS B 45 GlF § L N

, agreed with o

came Tl ot or e Arie .t on

s

gty e s

v taren durine winter
Lo specinn, LUn
Jdtisr sneciaes
ArDeraiiy e Cotie gavartecrates coliected,
moare s Des L arsir coad e osrecies) were
Lieore ATttt er DN OMAL JTOUpD. LToups
LR aeT LT T s s aded s darians S0
Areotes Tl e ’ v lea o and med s
[N e Do et Lot ey ity the arraronods,
i [FREETE I ety arertenrate

taxa 1n beam traw. collectiona. These qroups
also accounted for the loarzest number of
species in dreuge collections Yrom Winvah

Bav (Hinde et ai., 1981) and the ocean
disposal area near Charleston Harbor (Van
Dolah et al., 1983, although the orde: or
their importince ditfered among the studies.

Decapyd crustaceans dominated the three
areas sampied Juring winter and summer in
terms of peroent contribution or species
(Figure 1.7, ¥ish were also important at
most sites, except for contrul stations
sampled in winter, where brvozoans ranked
second to decapod crustaceans in number or
species. For all statiens combined, bryozoans
were nmore diverse in winter than summer,
whereas the number of c¢uidariau and f{ish species
increased in summer,

Species which vccurred in more than half
of the Jo vollectrions taken from the three
areas sampled were the portunid crabs
Ovalipes stephensoni and Portunus gibbesii;
the hvdroid Halecium sp.; the penaeid shrimp
Trachyggnaeu; constrictus; the bryozoan
Membranipora tenuis; and the sciaenid fish
Leiostomus xanthurus. OUnly one of these species,
M. tenuis, was also frequentlv encountered by
Hinde et al. (1981) and Van Dolah et al.

(1983) in 7aunal survevs of Winvah Bay and the
Charleston DMDS, respectively. Seasonal
comparisons of the most frequently encountered
species in beam trawl collections indicated
that onlv . stephensoni, P. gibbesii, T.
constrictus, aad M. tenuis were widespread in
both winter and summer (Table 9). In addition,
more taxa were frequently encountered during
summer collections than during winter,
suggesting a seasonal change In the occurrence
of certain taxa within the three areas sampled.

Seasonality also apparently had an effect
on the number of species (s) occurring in the
studv areas. The median number of species
collected in summer (120 total taxa) was
significantly greater than in winter (88 total
taxa) (P < 0,05). This pattern was consistent
for each of the three areas sampled and, with
only twe exceptions (DS03, DCO3) was also
consistent for sites sampled during both winter
and summer (Figure 15). The high number of
species observed at DCO3 in winter was probably
related to the prescnce of a large quantity
of submerged wood, which provided suitable
substrate for epifaunal colonization. Submerged
substrates such as shell and wood occurred in
varving quantities at several stations and no
doubt contributed to much of the variation in
number of species amonyg stations (Figure 13),

No consistent trends and no statistically
significant Jifferences in median s were found
among the three sampling areas (P - 0.05).
However, a comparison of total s among these
areas indicated that starions in the control
site vielded rhe most (113) species, whereas
“down current” and Jdisposal statiens vielded
36 and o5 wpecivs, vespectively, This s

noteweorthy in view 1 the Tact that equal
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thundant oo flected tarang ~otn seasons (Table
1),

<

Many e it species were widely
disgrinmuzed *or ughoutr he study area (Table
15 and none were restricted te a particular
site. The disposal and "down current” sites
were mumerically dominated by one or two
species during each season. At the control
site, however, there wis a more even distri-
hution of individuais among several species.

Two taxa cormmon at the control site, the
initellid nolvihaete Mediomastus californiensis

ind nematodes, are deposit feeders, while
suspension Teeding animals were dominant at
1ll other sites (Table 14). In facet,
suspension Yeeders accounted for at least
ALY Y rhe totatl number of animals from

the ontire srudv oarea,  The actual percentage

nav e Yan othis, since onlv

“nown msrension tewders that contributed
nore than .. 't The ~notal number of

rraantsms wers onsideraed,

Ta cuntrast ro the suspension feeding
community bserved in the Jeorgetown UDMDS, the
TN =MNS were hara . terized s heing primarily
omposed oY amall-bedier derosic feeders (often
anlvchaetes wd st Loeans) U5 FPA L 1982)
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species whis, ontrituted sresler than 10 of
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o lovatcon oand -eason (Figure 19),
Actual values ©.r o h siedles are listed in
Table 15. Apvendi.:s 5-10 inaicute a high
degree of variahility amona replicates and
stations within cach site and season. Similar
temporal .and spatia?! variabilitv is common
among macrobenthic -ummunities of the South
Atlantic Bight (Frankenbere and Leiper, 1977;
US EPA, 193.: Euctr et al., l¥s3a),

against stati

Three species were conspicuous when
compared to the others because they were
considerablyv mere abundant. Ensis directus,
C. martinicensis, and C. doma were far more
numerous than all other species (note the
difference in scale of the top row of
histograms, Figure 19). The most abundant
species, E. directus, is a common shallow-
water inhabitant along the entire Atlantic
Coast (Theroux and wigleyv, 1983). It was
found in significantly greater numbers at
all sites during the winter (P < 0.001,
ANOVA), probably due to spawning activity
during this season. Knott et al. (1983a)
noted a single spawning of this species
sometime between November and February.

The reproductive cvecle of E. directus should

be considered in determining the optimal
schedule of release of dredged material in

this area since Harrison et al. (1964) reported
that its larval dispersal and settlement helped
to mitigate the effects of defaunation

caused by dredging and spoil disposal in the
lower Chesapeake Bav.

Mean densities of E., directus were not signi-
ficantly different between sites (P > 0.05), nor were

significant differences (P > 0.05) noted between
sites in the mean densities of the second and
third most abundant species, (. martinicensis

and C. doma. These species however, both had higher

densities in the disposal site than elsewhere
(Figure 19). Bath of these ure tvpicalle
free-living species found in coarse, shellv
sand of shallow coastal waters (Harrv, 1966,
Winston, 1982). <(upuladria doma was also among
the dominant species in the Charleston IMDS
(Van wolak et al., 1931,

another species of S rassinella (€. lunulata)

was rhe foures meso gbandant species overall,
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Table 13. Number of individuals representing each of the major macroinvertebrate taxa in grab samples
from control, disposal, and "down current" sites. (* = bryozoans were not enumerated in
winter samples).

CONTROL DISPOSAL DOWN CURRENT COMBINED
STATIONS STATIONS STATIONS STATIONS
Total Total Total Total
Taxa Number Rank Number Rank Number Rank Number Rank
Pelecypoda 2337 2 3197 1 893 1 6427 1
Polychaeta 3159 1 1031 3 550 2 4740 2
Amphipoda 1490 3 330 5 81 4 1901 3
Bryozoa* 204 11 1198 2 247 3 1649 4
Ascidiacea 255 8 498 4 ok 6 817 5
Nematoda 498 4 38 9 67 5 653 6
Decapoda 421 5 109 7 50 7 580 7
Echinodermata 309 6 76 10 24 11 409 8
Sipunculida 245 9 151 4 10 13 406 9
Nemertinea 271 7 74 11 46 8 391 10
Oligochaeta 196 12 93 8 31 9 320 11
Gastropoda 239 10 27 14 16 12 282 12
Cumacea 113 13 26 15 2 17 141 13
Anthozoa 105 14 10 18 4 16 119 14
Isopoda 23 16 51 12 26 10 100 15
Mysidacea 43 15 47 13 7 14.5 97 16
Turbellaria 18 17 2 21 - - 20 17
Tanaidacea - - 18 16 - - 18 18
Cephalochordata 3 21 12 17 1 19 16 19
Hemichordata k) 21 3 19 7 14.5 13 20
Ostracoda 7 18 2 21 1 19 10 21
Stomatopoda 5 19 1 23.5 - - 6 22
Brachiopoda 3 21 2 21 - - 5 23
Echiurida 2 23.5 - - 1 19 3 264
Pycnogonida 1 25.5 1 23.5 - - 2 ‘3.5
Scaphapoda 2 23.5 - - - - 2 25.5
Phoronida 1 25.5 - - - - 1 27

Total 9953 7047 2128 19128
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Table 12. Number of species representing each of the major macroinvertebrate taxa in grab samples ::
from control, disposal, and "down current'" sites. (* indicates a taxon that was probably )
represented by more species than indicated due to uncertain or incomplete {dentifications). -
73
9
CONTROL DISPOSAL DOWN CURRENT COMBINED .
STATIONS STATIONS STATIONS STATIONS .
Number of Number of Number of Number of j
Taxa Species Rank Species Rank Species Rank Species Rank ]
-4
Polyvchaeta 116 1 94 1 58 1 152 1 W{
Amphipoda 37 2 22 3 16 2.5 42 2.5 -
Pelecypoda 30 4 30 2 16 2.5 42 2.5
Gastropoda 31 3 12 5 7 5 36 4
Decapoda 29 5 16 4 12 4 33 5
Echinodermata 7 6 5 7 2 7 9 6
isopoda 4 9.5 6 6 1 16 7 7
Mysidacea 5 7 4 8 3 4 5 8
Sipunculida* 4 8 3 9 1 16 4 9
Cumacea 4 9.5 1 20.5 1 16 4 10
Anthozoa* 3 11 2 11 1 95 3 11
Bryozoa 2 13 3 10 1 16 3 12
Hemichordata* 2 13 1 20.5 1 16 2 13
Scaphapoda 2 13 - - - - 2 14
Nemertina* 1 17 1 14 1 9.5 1 15
Oligochaeta* 1 17 1 14 1 9.5 1 16
Turbellaria¥* 1 17 1 14 - - 1 17
Nematoda* 1 17 1 14 1 9.5 1 18
Ostracoda* 1 17 1 14 1 16 1 19
Tanaidacea - - 1 20.5 - - 1 20
Ascidiacea 1 23 1 20.5 1 16 1 21
Brachiopoda 1 23 1 20.5 - - 1 22
Cephalochordata 1 23 1 20.5 1 16 1 23
Stomatopoda 1 23 1 20.5 ~ - 1 24
Zchiurida 1 23 - - 1 16 1 25
Pvcnogonida 1 23 1 20.5 - - 1 26
Phoronida 1 23 - - - - 1 27
Total 288 210 127 357




4

41

included the Atlantic croaker, Micropogonias
undulacus; the grey trout, Cynoscion regalis;
the banded drum, Larimus fasciatus; the cownose
ray, Rhinoptera bonasus; the portunid crabs
Callinectes similis and Arenaeus cribrarius;
the brown shrimp, Penaeus aztecus aztecus; and
the brown alga Sargassum natans.

Groups F and G contained species which
were generally ubiquitous throughout the study
area and, therefore, not faithful to any
particular site group. Croup F species were
most consistently collected during summer
at stations in groups 1l and 2. Two species,
Prionotus carolinus and Calliactis tricolor,
were collected only in summer. Species in
Group G were those which were frequently
collected at most stations during both seasons.
The most frequently encountered species in the
study (Uvalipes stephensoni, Portunus gibbesii,
Halecium sp., and Trachypenaeus constrictus)
occurred in this group. The only species in
Gr up G which was temporaly restricted was
Brevoortia tyrannus, the Atlantic menhaden,
which occurred only in winter.

Groups H and I included infrequently
collected species which were not very constant
or faithful to any site group. In these groups,
the sponge Tenaciella obliqua; the fishes
Trinectes maculatus and Raja eglanteria; and
the decapods Hexapanopeus angustifrons, Acetes
americanus and Persephona mediterranea were
collected only in summer, while the horseshoe
crab, Limulus polyphemus, and the anemone
Epizoanthus americanus were collected only in
winter.

Species in groups J and K were highly
faithful to stations comprising site groups
1 and 2, respectively; however, they were not
consistently collected at thcse stations.
These two groups constitute a summer assemblage
of organisms in the study area, with all
members except the flounder Ancylopsetta
quadrocellata and the bryozoans Microporella
ciliata and Tryptostega venusta occurring
exclusively in summer collections.

In conclusion, the community structure
of fishes and epifaunal invertebrates in the
study area is influenced by seasonality. The
number of species was significantly higher in
summer. Furthermore, species assemblages
differed noticeably between winter and summer,
with several species occurring during only
one season. Although the total number of
species was lowest in the disposal area,
comparisons of species composition between
sites indfcated that lower diversity resulted
from fewer sessile organisms, mainly bryozoans
and cnidarians. This suggests that less
substrate was available for colonization by
sessile organisms in the sampled portions of
the disposal area. However, lesser amounts
of substrate such as wood and shell in the
DMDS are probahlv nct related to past
disposal activities.

Grab Collections

Grab samples from control, disposal, and
"down current' stations yielded more than
19,000 individuals representing at least 357
species of invertebrates (Tables 12, 13;
Appendices 5-10). More species and individuals
were collected from the control site than
from disposal or "down current' stations
(Tables 12 and 13). Collections from "down
current” stations yielded considerably fewer
species and individuals than control or
disposal sites, but this reflects, in part,
the reduced sampling effort in that area
(three stations versus five at CS and DS areas).

The number of species collected during
the present study was considerably higher than
that collected for the Savannah, Charleston,
and Wilmington DMDS study (SCW-DMDS; US EPA,
1982). In that relatively limited survey, only
28, 82 and 30 species were found in and
adjacent to those disposal areas, respectively.
However, a more intensive study of the
Charleston DMDS (Van Dolah et al., 1983)
reported the occurrence of 439 species,
indicating that diversity in sand bottom habitats
of South Carolina coastal waters may typically
be much higher than previously reported. Knott
et al. (1983b) also reported collecting a large
number of species (205) in shallower water off
the beaches near Murrells Inlet, South Carolina.

Overall, polychaetes were the most well
represented group of the 27 higher taxa identified,
with 152 species accounting for 43% of the
total number of species (Table 12, Figure 18).
Polychaetes also accounted for a similar
proportion of the number of species within each
of the sites sampled (control, disposal, and
"down current'). Amphipods, pelecypods
(42 species each), gastropods (36 species), and
decapods (33 species) were the .ther diverse
taxa and together with the polychaetes comprised
about 85% of the total number of species. Only
minor differences occurred between control,
disposal and "'down current" sites with respect
to the proportional contribution of these major
taxa (Figure 18). The relative importance of
these taxonomic groups was also very similar to
that observed in the Charleston DMDS, where
polychaetes contributed 43% and the same five
dominant taxa contributed 82% of the total
number of species (Van Dolah et al., 1983).

In terms of numerical abundance, pelecypods
were dominant when all stations were considered
together (34%). Pelecypods were also the most
abundant organisms at disposal and "down current"
gtations (Table 13, Figure 18). At control
stations, however, pelecypods ranked second
to polychaetes, and amphipods were relatively
more important than at the other sites.
Additionally, the relative abundance of
lunulitiform brvozoan colonies noted at disposal
and ''down current"” stations was not apparent
within the control site. It should be noted
that these brvozoans were sorted and identified
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Pilumnus sayi (Ar)
Telesto fruticulosa (Cn)
Actiniaria A (Cn)
Asterias forbesii (Ech)

Squilla empusa (Ar)
Urophycis regius (Ch)

Busvcon carica (Mo)

Group B

Cancer irroratus (Ar)

Neopanope sayl (Ar)
Aplidium constellatum (Ch)

Group C

Hippoporina contracta (Bry)
Hippaliosina rostrigera (Bry)

Centropristis striata (Ch)
Lytechinus variegatus (Ech)
Asteroidea A (Ech)

Arbacia punctulata (Ech)
Astropecten duplicatus (Ech)
Busycon canaliculata (Mo)

Group D

Reptadeonella hastingsae (Bry)
Parasmittina nitida (Bry)
Portunus spinimanus (Ar)
Membranipora tenuis (Bry)
Astrangia astreiformis (Cn)
Etropus crossotus (Ch)
Schizoporella errata (Bry)
Hippoporina verrilli (Bry)
Chama macerophylla (o)
Electra monostachys (Bry)

Group E

Micropogonias undulatus (Ch)
Arenaeus cribrarius (Ar)
Pagurug longicarpus (Ar)
Cynoscion regalis (Ch)
Callinectes gimilis (Ar)
Hepatus epheliticus (Ar)
Larimus fasciatus (Ch)
Penaeus aztecus 1ztecus (Ar)
Steilifer lanceulatus {Ch)
Sclerodactyla briareus (Ech)
Sargassum natans (Al)
Aplidium sp. (ch)

Rhinoptera bonasus (Ch)

Mellita quinquesperforata (Ech)

Prionotus carolinus (Ch)

Pagurus pollicaris (Ar)

Membranipora arborescens (Bry)

Balanus venustus (Ar)

Crepidula plana (Mo)

Calliactis tricolor (Cn)

Crepidula fornicata (Mo)

Leiostomus xanthurus (Ch)

Group G

Symphurus plagiusa (Ch)
Ovalipes ocellatus (Ar)

Scophthalmus aquosus (Ch)
Brevoortia tyrannus (Ch)

Anchoa mitchilli (Ch)

Ovalipes stephensoni (Ar)
Portunus gibbesii (Ar)
Trachypenaeus constrictus (Ar)
Libinia emarginata (Ar)
Halecium sp. (Cn)

Group H

Tenaciella obliqua (Po)
Trinectes maculatus (Ch)
Ascidiacea A (Ch)

Limulus polyphemus (Ar)
Epizoanthus americanus (Cn)

Group 1

Raja eglanteris (Ch)

Hexapanopeus angustifrons (Ar)
Acetes americanus (Ar)
Pergsephona mediterranea (Ar)
Citharichthys macrops (Ch)
Callinectes sapidus (Ar)
Porcellana sayana (Ar)

Group J

Lolliguncula brevis (Mo)
Hydractinia echinata (Cn)
Penaeus setiferus (Ar)
Menippe mercenaria (Ar)

Group X

Microporella ciliata (Bry)
Polinices duplicatus (Mo)
Ancylopsetta quadrocellata (Ch)

Trypostega venusta (Bry)
Eupleura caudata (Mo)

Table 11. Species groups resulting from numerical classification of data from samples collected
by beam trawl. (Al = Algae; Ar = Arthropoda; Bry = Bryozoa; Ch = Chordata; Cn = Cnidaria;
Ech = Echinodermata; Mo = Mollusca; Po = Porifera).

Group A Group F
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Table 10. Summary of biomass (kg) for organisms collected with the beam
trawl.
Winter Summer B %
Control Stations x = 1.26 x = 2.87 .-'»f:l
Sg = 0.54 S¢ = 0.51
=5 =5 -
n n J
Disposal Stations X = 1.844 x =1.38
S"f = (.64 S-i = 0,58
n=25 n=S5
¢
[ Down-Current Stations x=1.13 x = 3.93

J‘ S— = 0.61 S_=1.52
{ X X
n=3 n=3
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. .-




—p——

numbers of tows were made in the Jisposal and
control areas, whereas the 'down current' area
was sampled less f{requentlv. These data suggest
that the diversitv of invertebrates and fishes
collected by trawl was lower in the disposal
area. Van Dolah et al. (1983) also found fewer
species in the disposal area near Charleston
Harbor, but attributed the lower total number

of invertebrate species there to the smaller
number of stations sampled rather than to any
disposal effects. Examination of species lists
from the present studvy (Appendix 4) indicated
that a greater number of brvozoans and cnidarians
were present in collections from control and
"down current' sites than in the DMDS. The
increased number of these sessile taxa is
probablyv related co the patchy occurrence of
hard substrate, primarilv shell and wood,
suitable for colonization 4t those sites. There
was no evidence of extensive hard bottom at

anv of the sites, and consequently, the total
number of invertebrate taxa (126 species) was
considerably lower than that reported for hard
bottom areas farther offshore in the South
Atlantic Bight (Wenner et al., 1983). Values

of s, however, were comparable to those reported
by Hinde et al. (1981) and Van Dolah et al.
(1983). On the other hand, the number of fishes
collected (28 species) was much lower than
previously reported for Winvah Bay (Wenner

et al., 1981: Hinde et al., 1981; Allen et al.,
1982) or the nearshore coastal region of the
South Atlaantic Bight (C. Wenner, pers. comm.).
The low number of fish species in beam trawl
collections probably resulted from their ability
to avoid the sampling gear. The narrow mouth
opening, slow-towing speed, and small area

swept by the beam trawl makes it an inefficient
method of collecting fish, many of which are
found higher in the water column or can outswim
this gear.

Comparisons of mean biomass between areas
and seasons revealed no significant difference
for either factor (Fseason[l,Z] = 2,205,
Farea[2,2] = 0.401; P > 0.05) (Table 10). Based
on 3-m mouth spread and a tow distance of 500 m,
the area swept by the beam trawl was
calculated to be 0.15 hectare/tow. Total
biomass estimates (kg/ha) for the areas sampled
during our study area were:

winter summer

Control Stations 8.4 19.1

Disposal Stations 12.3 9.2
"Down Current'

Stations 7.5 26.2

Wenner et al. (1981) obtained lower values for
biomass of decapod crustaceans and fishes in
the Winyah Bav svstem. However, Hoese (1973)
reported values of 10.7 kg/ha for fishes and
6.1l kg/ha for invertebrates in Doboy Sound,
Georgila. In the nearshore and coastal
habitat of the South Atlantic Bight, biomass
egtimates for fishes of 23 ke/ha have been
obtained in winter and 12 kg/ha in summer

(C. Wenner, pers. comm.). Undoubtedly, higher
estimates of total biomass would have been
obtained if a sampling gear which was more
effective in capturing fish had buen used.

OV | I SRS U 1 VI

Normal cluster analvsis of data
resulting from beam trawl collections identifiied
five distinct site groups based on similarity
of faunal composition (Figure 16). There
was no tendency for stations to be grouped
according te area since all groups contained
stations located both inside and outside the
disposal area boundaries. However, stations
were grouped by season indicating that species
composition in the study area was different
between winter and summer.
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Inverse cluster analysis of the 81 species
which occurred in two or wmore collections
produced 11 groups (Table 11). Nodal diagrams
were used to describe the distribution of
species in terms of their relative constancy
and fidelity to site groups (Figure 17). As
indicated by nodal analysis, species in group
A were highly restricted but only moderately
constant at stations in site group 5, which
were sampled primarily in winter (with the
exception of CS11). Species in this group
are common inhabitants of the nearshore coastal
habitat, but are apparently restricted in their
distribution. For example, Busycon carica, the
species chosen for pollutant-uptake assessment,
was collected at only two statioms, CSO5 and
DCO3. The spotted hake, Urophycis regius, was
limited in both its spatial and temporal
distribution, being collected only at "down
current” stations in winter (Appendix 4).

Group B included three species which
were neither consistently collected nor
restricted to stations in any site group. The
rock crab, Cancer irroratus, which is a common
inhabitant of coastal waters off the New England
and Middle Atlantic states (Williams, 1965)
was collected only during winter sampling.

Species in Group C were also neither very
constant nor faithful to stations in any site
group; however, every species in this group
except Busycon canaliculata was collected
exclusively in the control area. Two species
in this group, the bryozoan Hippaliosina
rostrigera and the starfish Asteroidea A,
were collected only in summer.

Group D is comprised of species which
were fairlyv ubiquitous throughout the study
area but were consistently collected onlvy at
stations in groups 2 and 5. These species were
also well represented in collections from both
seasons, with Chama macerophylla being the
only species which occurvred solely in summer
(Appendix 4).

Group F contained species which are common
{nhabitants of the nearshore coastal habitat
in the South Atlantic Bight., These species
were most consistentlv - ollected during summer
at stations in group 1. Those spezies which
were vaollected exclusivelv during summer
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This bivalve tvpically spends most of its time on
the top of the substrate rather than buried in it,
climbing on 2its of svell bv means of its foot

and deiicate hvssal threads (Harry, 1966). It

has previcusly deen reported as an important
member of the henthic macrofauna in the entrance
channel of Winvah Bav (Hinde et al., 1981),

where it was largelv restricted to sandy sediment,
in the present studv, it was significantly more
dense in the vontral site than at the disposal

and "down current” stations during winter sampling
(P <« .02y, although ne such pattern was observed
among collections taken during the summer

(Figure 17%).

e

The rifth ~ost abundant species was the
selitarv ascidian, "vura vittata. This small
ascidian is Uound in shallow water attached to
small bits of saell or stone (Van Name, 1945;
Plough, 1478). Its pattern of density among our
stations resembled that of C. martinicensis and
€. doma, in that it was most common in the summer
in the aisposar site (Figure 19). Like those
species, however, this pattern was not statistically
significant (7 - 2.03). Comparisons of mean
densities umong sites and seasons for the remaining
dominant species resulted in onlv one other
significant lifference. During both seasons,

the polvchaete Mediomastus californiensis was

more abundant at control stations than elsewhere
(Figure 19), and in winter the difference between

CS stations and DS stations was significant

(P« 0.05).

The two most abundant macroinvertebrates
collected in the Charleston DMDS were the
lancelet Branchiostoma caribaeum and the
sipunculid Aspidesiphon gosnoldi (reported as
A. spinalis; Van Dolah et al., 1983). Although
A, gosnoldi was also found in higher densities
tn the feorgetnwn DMDS (Figure 19), B. caribaeum
was not nearlyv a4s common (Appendices 5-10).

This difference hetween the two disposal sites
is noteworthv, although not easily explained.

Tt could be due, in part, to the relative
mohility of the lancelet, which is often taken
in sur’ace water samples (Boschung and Gunter,
1962), and to differences in the availability

of suitable shell substrate, which 1s necessary
for large populations of the nestling sipunculid
iutler, 14974,

The spionid polvchaete P. pinnata, which
wis dbundant during the summer in the control
i "iown current” sites, was also among the
ivminant spe-ies collected during October in
the entrance  fannel to Winvah Bay (Hinde et
Lo, e, ‘n rhat studv, it was found in
~ ! the channel (- 937 silt and
inather studv of dredge spoil
H{soosal etterta [t appears to have been
rransporsed w the disposal site via dredged
materfia. CUan olah et oall, 1979).

@l e timen

The tiversicy of the henthic communities

Was roared among siftes ind seasons using
severi, ndice~ o community structure
tAPnend it Lt Toootacdilitate this comparison,
e averaee viaae of each of the following
naramesers was oltted for each site and

season: diversity (H'), =venness (J'), species
richness (SR}, number of species, and
abundance (Fignre 2U).

Average Jdiversity was zreatest in the
control site and it was mest variable in the
disposal site wherc values of 1.4 and 3.8
were obtained at DS11 (winter) and DSC8
(summer), respectivelv. Within each particular
area, diversity was generally greater during the
summer. Diversitv noted at the control site
during both seasons was similar to the rather
high values reported in the Charleston DMDS
(Van Dolah, et al., 1983), while diversity
noted in the disposal and "down current' sites
was more tvpical of similar nearshore
environments in the Middle Atlantic Bight
(Boesch, 1972; Boesch et al., 1977) and
further north (Saila et al., 1972).

No obvious differences in evenness (J')
were observed among sites; however, a consistent
seasonal pattern was detected with average
values of J' being greatest during the summer
at all areas (Figure 20). Like H', this index
was also highlv variable among disposal
stations, and extreme values were observed at
DSO8 and DS11, the same stations which
exhibited extreme H' values. In the winter,
DS11l was heavily dominated (> 81%) by
E. directus (Appendix 7), which reduced species
equitability (J' = 0.3), whereas the four
dominant species in summer collections at
DS08 comprised only 247 of the total number
of individuals at that station (Appendix 8).

Species richness (SR) was greatest at
control sites, where it exhibited rather marked
variation among samples (Figure 20). The
highest value was observed at CS10 during
winter (23.9), while the lowest value occurred
at DCO3 during that season (4.6). Control
stations also differed from disposal and "down
current’” sites in that winter samples had
higher SR than those taken during summer.

Comparisons of overall faunal abundance
at stations within each site indicated that
densities were generally highest at the control
site during the winter, with a maximum of
3,120 individuals per 0.5 m2 at CS10 (Figure
20). The lowest average density was observed
at "down current' stations, with only 78
individuals per 0.5 m2 collected at DCO3.
Overall faunal abundance was highly variable
among the stations (Appendix 11); however, no
statistically significant seasonal or spatial
patterns of total abundance were detected
(P > 0.2).

The average number of species per station
was highest in the control site during winter
(Figure 20), where as many asjl93 species were
obtained in 5 replicate .1 m“ samples at
CS10 (Appendices 5 and 11). The fewest
species were collected at the "down current”
site, where winter collections at DCO3 vielded
onlv 21 species in the five grab samples
(Appendices ¥ and 11), Coincidentally, these
were the same stations having the highest and

1
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lewest overaill taunal densities, respectively.

The difference in mean number ot species between
CS and DC statinns was =zivnificant during the
winter period (P < 3.92), but by summer the
difference hetween areas wais no longer significant
(RN N LR I

The reluarively high number of species,
faunal densitv, and diversityv of the benthic
1N

community served during winter at the control
stations (Figure 1) may be related to differences
hetween sediments in that area and those of the
disposal ind "Jown current” areas. Qualitative

observations luring the winter sampling period
indicated the presence of finer sediments in
samples Trom all five control stations. Similar
sediments were shserved at onlv one other
station in the Jisposal and "down current”
sites during that season. In summer, however,
measurements of sediment texture indicated no
significant differences in the proportion of
fine-grained (silt and clay) sediments among
control, disposal and "down current” sites
(Table 6. During this period, no obvious
differences were noted between control stations
and the others based on species richness,
diversity and overall! abundance (Figure 20).

It is unlikely that the distribution of these
tiner sediments during the winter is related

to previous -disposal practices. Naturally
occurring sediment transport is extensive
throughout the studv area (Figure 2), and the
finer sediments in the control site during
winter were probably a result of such processes.

Normal cluster analysis produced five
groups of stations with relatively high internal
similaritvy (Figure 21). Some seasonality in
communitv structure was apparent from the
arrangement of entities within the dendrogram,
since all but one group consisted predominantly
of collections from one season or the other.
Station groups ! and 3, for example, were
comorised exclusively of summer samples, while
groups 4 and 5 were primarily winter collections.
Croup 1 was an equal mixture of samples from
both seasons.

All sampling sites had three stations
which were sampled during both seasons (CS02,
09, 13; DbSO3, 06, 13; DCOLl, 02, 03). Seven
of those stations had winter and summer
collections located in different station groups
(Figure 21). The remaining two were control
stations, S0Y and CS13, indicating smaller
seasonal differences in community structure
At this site than elsewhere. In fact, group 1,
which was equillv represented by samples from

hoth season~, contatned nearly all of the CS
swmples, with the only exceptions being CS02
and CO05 summer camples.

The location of sampling sites belonging to
zach of the winter station groups further
illustrates the difference between the control
site and other sites (Figure 22 During this
seasen, the contrnl statinng were highly
dissinilrr o the "Jown current' and disposal
stations, with group ! heing most dissimilar

to groups voand 5 (Figare 1y, This distinction
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between sites was uo longer appdarent in the
summer, when station groups were either
broadlv distributed throughout the study
area, or limited to a single station
(Figure 23).

The inverse classification produced
seven species groups which were dissimilar
to one anotnher in terms of their occurrence
and abundance among station groups (Figure
24, Table 16). Nodal diagrams were
constructed to illustrate the distribution
of species groups among "fixed" site groups
(CS, winter and summer; DS, winter and summer;
DC, winter and summer) in order to elucidate
possible differences between these sites
and/or seasons.

Species group A contained a large
number of ubiquitous species that included
most of the numericallyv dominant organisms
(Tables 15, 16). These species were highly
constant at all sites, especially in the
control area, and consequently showed only
low fidelity to site groups (Figure 24).
Several species in this group, including
C. lunulata, Amphiodia pulchella, and
Metharpinia floridana were restricted to
sandy sediments in the Georgetown entrance
channel (Hinde et al., 1981), although no
such sediment preferences are apparent from
their distribution in the present study.

Group B consisted mainly of polychaetes,
ophiuroids and mollusks that were highly
constant among control stations during the
winter. Their constancy at other sites
was moderate to very low, and as a result
this group was moderately faithful to the
control area. This was the only species
group that was even moderately site-restricted
(Figure 24). Species in group C showed
moderate to low constancy and low fidelity
among all site groups.

Species in groups D and E showed
greater similarity to one another than to
any other groups, and the distribution of
their component species among site groups
was very similar (Figure 24). These species
showed seasonal variation in abundance at
all sites, with constancy in summer samples
being consistently greater than in winter.
They were also more constant at control and
disposal sites than at "down current" sites,
although they were not highly restricted to
any area (Figure 24).

Group F contained several of the more
abundant species, including P. tridentata,
C. martincensis, P. vittata and A. gosnoldi
(Table 15, 16). All of these species, except
A. gosnoldi, were greatest in abundance at the
disposal site (Figure 19), and this is
reflected in the high constancv of this group
at that site (Figure 24). High constancy was
also observed for this group at the "down
current' stations during summer. Fidelity
for this group was low at all sites,
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Table le. Species groups resulting from inverse cluster analysis of grab samples. (Am = Amphipoda; .
As = Ascidiacea; Ce = Cephalochordata; Cu = Cumacea; D = Decapoda; E = Echinodermata; ;J
I = Isopoda; M = Mollusca; My = Mysidacea; P = Poiychaeta; Si = Sipunculida).
=
K
Group A Group D
Oligochacta Ancistrosvllis hartmanae (P)
Mediomastus californiensis (P) Cirrophorus lyriformis (P) _A
Nemert inea Goniadides carolinae (P) »
Nematoda Mysidopsis bigelowi (My) .
Crassinella lunulata (M) Amaena trilobata (P) "4

Amphiodia pulchella (E)

Hemipodus roseus (P)
Sabellaria vulgaris (P)

Pagurus hendersoni (D)
Batea catharinensis (Am)
Ensis directus (M)
Polygordiidae A (P)
Actiniaria

Pelecypoda

Maldanidae (P)

Unciola serrata (Am)

Polycirrus eximius (P)

Automate evermanni (D)
Eulalia sanguinea (P)

Pinnixa sp. (D)

Spiophanes bombyx (P)

Nephtys picta [§2)

Glycera sp. A (P)

Glvcera dibranchiata (P)
Erichthonius brasiliensis (Am)
Exogone dispar (P)
Metharpinia floridana (Am)
Acanthohaustorius willsi (Am)
Oxyurostylis smithi (Cu)

Group B

Crepidula fornicata (M)
Podarke obscura (P)
Ophiuroidea (E)

Bhawania goodei (P)
Hemipholus elongata (E)
Nereis sp., (P)

Nereis succinea (P)
Notocirrus spinferus (P)
Petricola pholadiformis (M)
Pelecypoda B

Polvdora caeca (P)
Cirolana polita (I)
Cirratulidae (P)

Nucula proxima (M)

Elasmopus levis (Am)

Group C

Tharyx annulosus (P)
Brania clavata (P)
Ampelisca vadorum (Am)

Spiophanes sp. A (P)

Diopatra cuprea (P)
Turbellaria

Tharyx marioni (P)
Invertebrata D

Parvulicina multilineata (M)
Pseudeurvthoe ambigua (P)
Prionosplo fallax (P)

Spio pettiboneae (P)

Ervilia concentrica (M)

Group F

Group F

Group

Tiron tropakis (Am)

Caullerjella killariensis (P) N
Sigambra bassi (P) -

Ampharete americana (P)
Schistomeringos rudolphi (P)
Prionosplo cirrifera (P)
Owenia fusiformis (P)
Aspidosiphon albus (Si)
Drilonereis magna (P)
Paraonidae (P)

Leptochela serratorbita (D)
Tiron triocellatus (Am)
Trachypenaeus constrictus (D)

Parapionsyllis sp. A (P)
Promysis atlantica (My)

Natica pusilla (M)

Travisia parva (P)
Branchiostoma caribaeum (Ce)
Mellita quinquiesperforata (E)

Ancinus depressus (I)
Eudevenopus honduranus (Am)

Glycera oxycephala (P)
Pleuromeris tridentata (M)
Ophelia denticulata (P)

Pyura vittata (As)
Crassinella martinicensis (M)
Aspidosiphon gosnoldi (Si)

G

Magelona phyllisae (P)

Magelona rosea (P)
Paraprionospio pinnata (P)

Mulinia lateralis (M)
Pelecypoda

Sigambra tentaculata (P)
Bowmaniella sp. (My)
Bowmaniella brasiliensis (My)

Abra aequalis (M)
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Finallv, group ¢ consisted of a number of
species which had moderate constancy and low
fidelity t» all areas Jdurinz the summer; lower
values were consistentiv noted during the winter.
Nearlv half »f the species in this group have
been shown to rrefer finer sediments with a
significant silt or olay content. Hinde et al.
(1981) found ?. pinnata, Mulinia lateralis,
and Sigambra tentaculata to be most common in
muddy sediments at Winvah Bay, and Magelona
phyllisae and . pinnata were found in more
siltv sediments of nearshore waters on the
Texas continental shelf (Flint and Rabalais,
1980) .

Results >f the present study suggest that
there have been no long-lasting effects on the
benthic infaunal community in the Georgetown
DMDS as a result of past disposal activity.
This communitv was choracterized by large
seasonal and spatial variability in species
composition and abundance, which is typical
for nearshore environments throughout the South
Atlantic Bight (US EPA, 1982). Several note-
worthv differences were observed, however,
between the infaunal biota of the Georgetown
DMDS and the infaunal communities described
by the US EPA (1982) off Savannah, Charleston,
and Wilmington.

Sediments in the Savannah, Charleston, and
Wilmington (SCW) DMDS were characterized
primarily as fine to medium sand (US EPA,
1982), while those in the Georgetown site were
typically medium to coarse. In addition,
greater numbers of species were collected from
stations sampled during the present study than
from the SCW-DMDS. Other studies off the South

Carolina coast, however, indicate that the number

of species observed at these Georgetown stations

mav actuallv be more tvpical of similar nearshore

environments in the vicinitv (Knott et al.,
1983b; Van Dolah et al., 1983). Finally, the

dominance of the SCW-DMDS by small-bodied deposit-

feeders (I'S EPA, 1982) was not observed in the
Georgetown disposal site, where the five most
abundant species were the suspension feeders

E. directus, C. martinicensis, C. doma,
. lunulata and ?. vittata.

Although some of the effects of dredged
material disposal, such as increased turbidity,
mav be transient or localized (Windom, 1976),
the impacts of such a disruption would certainly
be more severe on a suspension-feeding community
such as that found in the GCeorgetown DMDS, than
on a communi* - dominated by deposit feeders.

The effects of disposal would be even more
obvious if the textural characteristics of
disposed sediments were significantly different
from the medfum-coarse sandv sediments observed
throughout this studv area. The importance of
matching the phvsical characteristics of the
dredged material as closelv as possible to the
substrate found In rhe disposal site, in order

to minimize potential isruption to the benthic
communitv, “as been -crevionslv acknowledged
(Windoam, 17374 Morr.n, 1477, S EPA, 19R2).

Tissue Chemistry

Factors influencing contaminant
concentrations in marine organisms include
the size and health of the organism, its
feeding habits, and its physical locaticn
(i.e. within or above the bottcm sediments,
in the water column, etc.). Depending
upon the srganism's ability to concentrate
a particular contaminant, tissue levels may
differ greatly from those in the surrounding
environment. For example, ovsters examined
in the Wando River near Charleston were
found to have copper concentrations
> 200 ug/g, whereas copper levels in the
water were below the detection limit (Mathews
et al., 1979). Some typical examples of
trace metal concentrations in edible tissue
as as follows: 4.0-5.9 ppm arsenic in
crustaceans, 0.1-0.3 ppm cadmium in molluscs
and crustaceans, 0.3-0.4 ppm chromium in
hard clams (Mercenaria mercenaria) and
oysters (Crassostrea virginica), 2.0-3.0
ppm copper in hard clams and 30.0-40.0 ppm
copper in oysters, 0.5-0.8 ppm lead in
molluscs and crustaceans, < 0.3 ppm mercury
in crustaceans and < 0.1 ppm mercury in
molluscs, 0.2-0.4 ppm nickel for crustaceans,
and 10,0-20.0 ppm zinc in hard clams (Hall
et al., 1978).

Trace metal concentrations in tissue
samples from the three sites sampled during
this study were consistently within the
limits described above, indicating no
unusual accumulation of metals in organisms
from this small geographical area.

Appendix 12 presents data for all metals
analyzed, while Table 3 shows the maxima.
Cadmium, chromium, nickel, lead and mercury
were all below their particular detection
limits and well within the scope of values
reported in the survey by Hall et al. (1978).
Both arsenic and copper fell within the
above limits, with values of 1.67-2.34 ug/g
and 6.15-9.65 ug/g, respectively. Although
zinc was somewhat higher than the
concentrations listed above (50.77-53.61 ug/g),
oysters commonly contain zinc ranging from
300-400 ppm (Hall et al., 1978).

No pesticides or PCBs were detected in
any of the tissue samples using detection
limits of > 50 ppb. Consequently, we assume
these contaminants are present in trace
quantities only.

RECOMMENDATIONS AND SUGGESTED MONITORING PLAN

The Georgetown DMDS is an easily
accessible area for monitoring the effects
of dredged material disposal. Based on results
obtained from this study we have several
recommendations related to environmental
and biological assessment in future monitoring
efforts.
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1) Hvdrographic sampling conducted during
the present studv provided a satisfactory data
base fur a4 general evaluation of oceanographic
conditions. This sampling effort would not
have to be expanded in future assessments.

2y Sampling for trace metals and organic
pollutants was also sufficient in terms of the
array of pollutants examined. However, the
current detection limits for pesticides and
PCBs suggested by Pequegnat et al. (1981) may
be too high for a proper evaluation of
potentially toxic conditions. McKee and Wolf
(1963) and Bookhout and Costlow (1976) indicate

that trace amounts much lower than the suggested

limit of these compounds (> 50 ppb) may be
lethal to certain organisms. Therefore, we
recommend lowering detection limits to at
least 1-5 ppb for the PCBs and pesticides
tested. Priority should be given to testing
pollutant levels in sediments and animal
tissue rather than in water since the hydro-
graphic conditions in the study area are so
variable.

1) Sedimentological analyses in this
study were limited to only one season, but
qualitative observations during the other
season suggested temporal differences in
sediment composition. Therefore, sediment
composition and grain-size analyses should be
conducted concurrent with every future
biological sampling period for a better
understanding of faunal distribution patterns.
Assessment of contaminants in sediments
could be limited to the sampling period(s)
immediately following disposal operations.

If high levels of pollutants were then
detected, an expanded follow-up sampling
program should be conducted for those
pollutants.

4) Review of topographic data available
for the Georgetown DMDS area did not reveal
any obvious mounding from previous disposal
activities. To “etter evaluate potential
effects of disposal on benthic communities
in the DMDS, the Corps of Engineers should
require dredge operators to provide precise
Loran-C coordinates for all disposal
activities. Loran-C receivers are inexpensive
and sufficiently accurate to locate potential
mound sites. Additionally, we recommend
that detailed bathymetric profiles be obtained
for the DMDS area immediately after a
disposal period, and then again at reasonable
intervals for at least one year following
disposal. This would permit placement of
future monizoring stations in known disposal
areas and help in evaluating dispersal of
sediments over time.

5) Based on the poor visibility and
dangerous current conditions in the study
irea, we recommend deletfon of scuba diving
in anv future monitoring efforts.
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) The benthic communitv assessment in
the DMDS, control and "down current' areas
provided sufficient data on present community
composition, as well as information on the
temporal and spatial distribution of
dominant fauna. Because negative effects
of past disposal activities were not noted
in this study, future monitoring activities
in the Georgetown DMDS area should not need
to be intensive, unless (1) a significantly
larger amount of sediment is disposed in the
area or (2) sediments are disposed in the
DMDS which are significantly different from
those naturally present. Disposal of larger
sediment volumes and/or disposal of finer
sediments from Winyah Bay, especially from
around Georgetown Harbor, could possibly have
more severe and long-term effects on the
benthic infauna in and near the DMDS. These
effects would most likely be due to direct
burial, changes in sediment composition and
increased turbidity (Mortom, 1977). Thus,
intensive biological monitoring would be
needed for impact assessment.

7) Any future monitoring program should
consider seasonal effects on benthic community
composition. If possible, priority should
be given to summer and winter periods for
best comparisons with data obtained from this
study. Infaunal assemblages represent the
most important biological component for
assessment of impacts from disposal.

Epifaunal assemblages are also important,
particularly for collection of large animals
for tissue analysis, but assessment of impacts
on this group is more difficult, since most
epifaunal species are relatively motile.

As noted previously, information obtained
in this study indicates that past disposal
practices in the Georgetown DMDS have not
resulted in detectable negative impacts to
resources and biota in and near the existing
disposal site. Therefore, use of this area
for disposal of outer-channel sediments
(similar volumes) can be continued, although
consideration should be given to avoiding
seasons critical to the sturgeon and shrimp
fisheries. Alternatively, the site could be
relocated further offshore to avoid seasonal
restrictions related to these fisheries. The
present location of the DMDS may not be
suitable if finer sediments were disposed in
the area, due to the strong tidal currents
present and the location of the DMDS relative
to shrimp and sturgeon fisheries and turtle
nesting jcounds. Our present information base
is insufficient to predict the effects of
offshore disposal of fine sediments on these
resources or on benthic communities.
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Summary and Conclusions

1. The lenrgetown ean Sredged Material
Disposal Site was assessed to provide baseline
sresent conditicns related to
the hvdrowras , hottum sediments and benthic
sommuniTies,  Neirnsv aredas to the north and
south, s Well as a The entrance channel to
Georgetowit Harhor, were alse assessed for
compdarison witn conditions found in the DMDS.

mroarmaliocot on

\ sarvewv ot existing information related

o living and aen-living resources in the
region Jaround winvah Bav generally supported
conclusions and :onditions described by the

US EPA (14982 for the Savannah, Charleston

ard Wilmington OMDS.  Specific resources

which mizht be alr2cred bv disposal in the
GGeorgetown OMDS in:lude the shrimp and

Atlantic sturgecn Iisheries, and loggerhead
turtles i{nesting). The sturgeon fishery

is the most localized »f these three resources,
and winvah Bav is the site of the biggest
fisherv for this species in the Sea Island
rezion., Other living and non-living resources
in the studv area will probpablyv not be affected
bv disposal »?Y credominantly sandy sediments
‘rom the wuter reaches of the Winyah Bay
entrance _hannel. Disposal of finer sediments
from evrgetown Harhor or other areas, however,
would possibly have more Jetrimental effects
on the surrounding resources due to increased
turbidities and chandges in sediment composition.
sufficlent studies have not heen conducted in
this region to fully evaluate the consequences
of fine-sedimenr disposal in offshore sand
bottom areas.

]
<

3. Sampling wis conducted at tfive sites in the
DMDS, five sites {n a - :nt-ol area north of the
DMDS, three "dewn -urrent’ sites south of the
DMDS, and twr channel sites. The number of
samples varfed at each site, but hydrographic,
sediment and heathic grab and trawl samples
were cuvliected 1t most stations during summer
and winter seasons.

4. Standard hvdrographic factors, which included
temperature, sallnitv, Jdissolved oxvgen and
turbidity were within the limits normally
encountered along the South Carolina coast.

Some seasonal ind sparial differences were
discerned for rach fa~tor. High runoff via
winvah Bav resalted {n reduced salinities and
increased turhidities at some sites., Moderately
Bigh tartidiicie= i1 summer may have heen the
resuit oy frergeat shrimp trawling in the area.
turrents in the DMDS appear to be largely tidal,
tithough some wsidence :f a southerly nearshore

urrent was nored, Trace contaminants in

warer ampies wers within or below ranges noted
in ~ther areas - the -sputh Atlantic Bight.

Many trace merals were helow detection limits, as

were PORs ad il pesticides tested,

5. Sediment analvses indicated that pottom
sediments at most of the sampling sites
consisted of medium to coarse sands with

verv litecle (< 17) silt and clay. Scations
to the south of the DMDS had consistently
finer-grained sediments thun those in the
DMDS and control areas, but no statistically
significant differences were noted among sites.
Sediments were low in trace metal and organic
contaminant concentrations. Comparisons

with other studies indicated that sediments
in and near the Georgetown DMDS cannot be
considered polluted. No hard bottom areas
were found in the entire study area.

6. Benthic epifauna and fishes captured in
beam trawl collections were tvpical of those
from sand bottom habitat of South Carolina
coastal waters. Community structure was
influenced bv season, and the number of species
was significantly higher in summer. Species
assemblages differed noticeably between

winter and summer, with several species
occurring during onlv one season. Although

the total number of species was lowest in the
disposal area, comparison of species composition
among the sites indicated that lower diversity
resulted from fewer sessile species, mainly
bryozoans and cnidarians. This suggests that
less hard substrate was available for
colonization bv sessile organisms in portions
of the disposal area, although lesser amounts
of hard substrate (i.e. wood, shell) in the
DMDS were probablv not related to past disposal
activities. Tissue analysis of whelks (Busycon
carica) collected in and near the DMDS did not
reveal any high concentrations of contaminants.

7. The infauna collected in grab samples at
the 13 offshore srations were numerically
dominated by pelecvpods, polvchaetes, amphipods
and brvozoans. Polychaetes were the most
diverse taxon. Of the 357 species collected,
many were rare or limited in their distribution.
The dominant species, however, were generally
ubiquitous throughout the studv area and
exhibited considerable temporal and spatial
variation. No significant differences could

be attributed to past disposal activities with
respect to species composition or faunal density
among the control, disposal and 'down current"”
sites. Unlike the deposit-feeding communities
previously described for the SCW-DMDS, the
Georgetown DMDS and vicinity were characterized
by a seasonally variable, diverse community of
suspension-feeding organisms. Numerical
classification of the data illustrated some
differences in similarity between stations in
the control site versus those in the disposal
and "down current' areas, particularly during
winter. These differences probably were not
related to previous disposal practices. Rather,
thev were most likelv due to natural variability
in sediment composition. Cluster analysis also
indicated that most of the abundant and
frequentlv occurring sreclies were widely
distributed throughont the studv area.
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3. Recommendations for tuture monitoring at the
Georgetown MDS include lowerinag the detection
limits required for organic contaminants, deleting
diver observations, increasing sedimentological
and bathvmetric survevs, ind increasing the
intensitv iad soope of a=sessments if increased
volumes or fine-wrained sediments are deposited

in the DMLs. oresent location of the
ceorgetown MUY oappears to be satisfactory for
continued dispesal Y cuter-channel sediments.

9. An alternative disposal site located farther
offshore would reduce rotential localized impacts
on fisheries. Although
1ich indicated that past
OMDS has had a
significant impace se fisheries, disposal
of finer-grain s in the present DMDS
might have areater 2frocts,

on the shrine and sturg
no evidence was o
(limited) 4i
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[
5 Appendix 2. (Continued) —
N
1
CHOL Cs05 DS08 DCO2 CONTROL SPIKE
~
_. Total unresolved 4
: Hydrocarbons by -
GC ag/l D ND ND ND ND K
L
Sum of the N
n-Alkanes -g/1 229.01 159.64 ND 23.37 ND .
) Sum of the even C
a-Alkanes g/l 104.22 115.35 ND 9.62 ND -~
y
Sum of the odd R
n-Alkanes .g/l 124.79 44.29 ND 13.75 ND :
Unresolved Hydro- ,:
carbons/Resolved ND ND ND -
Hydrocarbons .g/l 416.63 259.98 ND 170.18 ND .
) s
Pristane + Phytane/ ND ND ND 4
n-Alkanes ug/l 229.01 159.64 - ND 23,37 ND 'j
Pristane/n~Cl7 ND ND N
g/l 14.36 2.40 ND ND ND
: Pristane/n-C18 ND ND ND
. ug/1 2.73 1.47 ND 3.62 D
Pristane/
Phytane ug/l ND ND ND ND ND
n-Alkanes/Branc*ad 229.01 159,64 23.37
Hydrocarbons ug/l NA NA ND NA ND
, 0il and Grease
mg/1 3.0 3.0 4.0 4.0 5.0
0dd n-Alkanes/ 124,79 44,29 9.62
Even n-Alkanes ug/l 104.22 115.35 ND 13.75 ND
Cadmium ug/1l 0.8 7.1 1.6 3.4 < 0.1
Arsenic ug/l 78.6 92.8 41.4 32.4 < 2.0
. Chromium g/l 1.4 5.3 4.7 2.1 3.0
) Nickel .g/1 < 5.0 < 5.0 < 5.0 < 5.0 <5,0
Copper .g/l < 50 < 50 < 50 < 50 < 50
Lead .g/l < 1.0 <1.0 <1.0 <1.0 <1.0
Mercury ug/l < 0.2 < 0.2 €0.2 <0.2 <0.2
Zine g/l 265 150 172 172 140

ND = Not Detected; Detection limit is 50 ppb.

- ' - i - ~ T . .t t . . A N . N P . B
oo smo sttt ettt masfivsnstomasthsen it nm s .
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c Appendix 2. Hydrographic chemical analysis from Georgetown DMDS area. =
(CH - channel, CS - control, DS - disposal, DC - down current) -
]
R CHO1 CS05 DS08 DCO2 CONTROL SPIKE -;
: -
- 1254 PCB - b
PCBs wg/l ND ND ND ND ND 100.0% Recovery j
o o - BHC g/l D ND ND ND ND B
lindane ug/1 ND ND ND ND ND 85.2% Recovery
heptachlor wg/l ND ND ND ND ND R
. B-BHC ug/l ND ND ND ND ND 4
) y
aldrin ug/1 ND ND ND ND ND R
heptachlor 4
epoxide ug/l ND ND ND ND ND 1
~. p,Pl - DDE ug/1 ND ND ND ND ND
o,pl - DDD g /1 ND ND ND ND ND
0,pl - DT 1g/1 ND ND ND ND ND :
4
. chlordane ug/l ND ND ND ND ND ‘
. dieldrin ug/l ND ND ND ND ND
endrin ug/l ND ND ND ND ND 89.6% Recovery
p,pl - DD ug/1 ND D D ND ND
P,Pl - DDT ug/1 ND ND ND ND ND Methoxychlor -
100.0% Recovery
a mirex ug/l ND ND ND ND ND
- methoxychlor ug/l ND ND ND ND ND
toxaphene ug/l ND ND ND ND ND
Volume of Sample
extracted u g/l 3240 3220 2760 3300 3050
® Total resolved
Hydrocarbons by
GC ug /1 416.63 259.98 ND 170.18 ND
®
®
b
< ‘x"] o ;-A;:_ s A ; . el L :- )




wo3l30q
aodejans Lt
wojljoq
adejians sz°8
wolloq
adejIns 9
wo330q
aoejans 0°TT
mo3joq
¥deJans SL 01
wol30q
aoejins SZ°'6
uo3jjoq
adejans 0B
wo3ljoq
Ioejans $'6
wol30q
avejans 0°11
wo330q
adejans <6
wo3130q
dejans [
@wo3l30q
adejins 0°'8
wo330q
asejans 0°g
yaidaq yidag
ucpirag

e SAEAERENE A Vi SR a0 G on SR dn s A Lun et ol e B L mpe—— —r
. R 1M. AM R A .
:
i
w..
'
: €0 061l wo330q ) Lo 0L T
- “s1y g0ty + Q93 Lo 0l01 adejans <6 1030 s1y 0Z:1 + aqy <0 002
S 9°0 W0€2 wo330q €0 06T
g NoelS 8°0 K344 ave3INS €1 z02da yoets <90 cez
. %0 o160 wo330q ) €0 LvE
. *SIY GE:Z + qad %0 060 aoeyins <L €000 SI4 0T:% + poold 20 SocE
{70 -0%¢ wo330q 10 S22
'SIY GLiy + poord 1 020 asejans ¢ 01 €180 AoeTS €0 ‘ezt
z°0 WS LT wo310q S0 oSST
. APFLS L 2011 aoejans STT0t 1182 *S1Y 00:¢ + qqi 9°0 oSYIT
%0 -091 wo3zoq S0 o061
TSI 0%iv 4 qqy s 0 T3 s0ejIns 0°01 6082 “s1q ¢1ig + qq3 <0 ‘21
. 1) .8L1 wo130q 10 oSS T
SSIYguics Q43 A <260 saeyIns SLoL <0S3 SIY ¢eiy + qqa €0 2050
b [tal
= 50 20%€ wo130q z0 oS6Z
yIEBLS L] 20%0 adejans $°6 20SD yoets %0 2520
: %0 010 wo330q 9°0 +S0¢
1ors 70 2020 adejins 011 £1sa 81y ¢0:¢ + Poold 10 ozt
b
N m.o aTC~ wo3ljoq 20 oﬂwN
3 1ers Lo o181 asejans 276 01sa "8Iy QE:1 + poold €0 oOLT
¢ %0 0522 uo330q (0 522
g TSI NGy + a4 870 2091 asejans ST°6 80sd yoets 6°0 06T
g
] $"0 011 wo1309 80 el
; TSGR + qqd 10 062 advjans $7°6 90sa *$14 0ty + qqg 0°1 091
%70 o510 wolieq S°0 L1
. RELIES Lo .210 aorjins <'g £0sq sIy 00:7 + 943 10 e
y R o .‘>|.||.‘1\A.wu\0:¢: Tttt - (siowy)
. aseyd apLl paadg uoy I2a1Y(] naidag yadaqg uoti1elS aseyq aprlL paadg uop1va11q
Y MJWWWJU Mﬁ@hhzu :OﬁUMUm1 Juaian) :Wwﬂhhﬁc
g HAMHILS N—
]
g "L861 ‘Idwunu pue 1ajurm ayl Jurinp pajdues S331s 10 eiep Jualind 1ajey
’
4
"
i

aa’ & a2 2

1004 o

2024

€020 <

£152
015D B
605 o
%052

¢0s0

£1sa s

930S0

£0sa

uoyleIs

1 x1puaddy

el M A e a -



64

WY T SR

P | Y AR

“r v .
e a2 44

el

TN

vy

5

I TN

Appendices

~ - . IO
) Yoo te . - . S R . P . - ., R S

= e . - L <. . .. P - P T R e
2 L VR DIPTSRy Ui WA S Sy e a PV I WS, S W C ad oo aadborom LR R WA WP G WP /A o PITU G I DA JOE SO WS U Ty S S




Sokal, R.R. and F.J. Rohlf. 1982. Biometry.
San Francisco, CA: W.H. T-eeman Co. 776 p.

South Carolina Wildlife and Marine Resources
Dept. 1979. Benthic and sedimentologic
studies on the Charleston Harbor ocean
disposal area. Charleston Harbor
deepening proiect. Report to the
U.S. Armv corps. of Engineers,
Charleston District. 193 p.

South Carolina Wildlife and Marine Resources
Dept. 1982. South Atlantic OCS Area
Living Marine Resources Studv, Year II.
vol. II: An investigation of live-bottom
habitats off South Carolina and Georgia.
Rept. to Minerals Management Service
under contract AA531-CT1-18, 189 p.

Stapor, F.W. and R.S5. Murali. 1978. Computer
modeling of littoral sand transport
(shore-parallel) for coastal South
Carolina. South Carolina Marine Resources
Center Technical Report Number
29, 9 p.

Theiling, D. 1983. Unpublished data. South
Carclina Wildlife and Marine Resources,
Fisheries statistics section.

Theroux, R.B. and R.L. Wigley. 1983. Distri-
bution and abundance of East Coast bivalve
molluscs based on specimens in the National
Marine Fisheries Service, Woods Hole
Collection. NOAA Tech. Rept. NMFS SSRF-768.
172 p.

=
wv

. Army Corps of Engineers. 1975, Cooper
River rediversion project, Charleston
Harbor, South Carolina. Final Environmental
Statement. U.S. Army Engineer Di:trict,
Charleston. 201 p.

U.S. Environmental Protection Agency. 1982.
Draft Environmental Impact Statement for
Savannah, GA., Charleston, S.C., and
Wilmington, N.C. ocean dredged material
disposal sites designation. Environmental
Protection Agency, Criteria and Standards
Division, Washington, D.C.

U.S. Geological Survey Office of Marine Geology.
1979. Southeast Atlantic OCS geological
studies. Final report F.Y. 1976. Bureau
of Land Management, Wash., D.C.

Van Dolah, R.F., D.R. Calder, and D.M. Knott.

. - 1983, Assessment of benthic macrofauna in
. an ocean disposal area near Charleston,
South Carolina. S.C. Marine Resources
J Center Technical Report Number 56. 97 p.

van Dolah, R.F., D.R. Calder, D.M. Knott, and
M.S. Maclin. 1979. Effects of dredging
and unconfined disposal of dredged material
on macrobenthic communities in Sewee Bay,

f. S.C. South Carolina Marine Resources Center
. Technical Report Number 39. 54 p.

L

b van Name, W.G. 1945. The North and South

t American ascidians. Bulletin of the American
L - Museum of Natural Historv 84:1-476.

-,

h.“

e TTe——"

Wenner, C.A., C.A. Barans et al, 1980. Results
of MARMAP otter trawl investigations iu
the South Atlantic Bight. V., Summer, 1975.
South Carolina Marine Resources Center
Technical Report Number 45. 57 p.

Wenner, E.L., W.P. Coon, III. M.H. Shealy, Jr.,
and P.A. Sandifer. 1981. Species assemblages,
distribution, and abundance of fishes
and decapod crustaceans from the Winyah
Bav estuarine system, S.C. South Carolina
Sea Grant Consortium Technical Report No. 3. 61 p.

Wenner, E.L., D.M. Knott, R.F. Van Dolah, and
V.G. Burrell, Jr. 1983. Invertebrate
communities associated with hard bottom
habitats in the South Atlantic Bight. Estuarine,
Coastal and Shelf Science 17: 143-158.

Wenner, E.L., M.H. Shealy, Jr., and P.A. Sandifer.
1982. A profile of the fish and decapod
crustacean community in a South Carolina
estuarine system prior to flow alteration.
National Oceanic and Atmospheric Administra-
tion Tech. Rept. NMFS SSRF-757, 17 p.

Williams, A.B. 1965. Marine decapod crustaceans
of the Carolinas. U.S. Fish and Wildlife
Service, Fishery Bulletin 65: 1-298.

Williams, W.T. and J.M. Lambert. 1961.
Multivariate methods in plant ecology. III.
Inverse association - analysis., Journal
of Ecology 49: 717-729.

Windom, H.L. 1972. Environmental aspects of
dredging in estuaries. Journal of the
Waterways, Harbors and Coastal Engineering
Division WW4:475-487,

Windom, H.L. 1973, Mercury distribution in
estuarine-nearshore environment. Journal
of the Waterways, Harbors and Coastal
Engineering Division. WW2:257-264.

Windom, H.L. 1976. Environmental aspects of
dredging in the coastal zone. CRC Critical
Review of Environmental Control 7:91-109.

Windom, H.L. and R.G. Smith, Jr. 1972. Distribu-
tion of cadmium, cobalt, nickel and zinc in
southeastern United States Continental Shelf
waters. Deep-Sea Research 19: 727-730.

Windom, H.L., F.E. Taylor, and E.M. Waiters. 1975.
Possible influence of atmospheric transport
on the total mercury content of southeastern
Atlantic Continental Shelf surface waters.
Deep-~Sea Research 22:629~633.

Winston, J.E. 1982. Marine bryoczoans (Ectoprocta)
of the Indian River Area (Florida). Bulletin
of the American Museum of Natural History
173(2):99-176.

\ ‘ .
PRV SRS

o

NI AT

L]

nadbine B




P Tp——

———

e

McKee, J.E. and H.Ww. Wolf. 1963. Water
Quality Criteria. Prepared by
California Inst. of Technology for
State Water Resources Ceontrol Board,
Sacramento, CA. Rept. No. SWRCB-1.

McKenzie, M.D., J.V. Miglarese, B.S.
Anderson, and L.A. Barclay, eds.
1980. Ecological characterization
of the Sea Island Coastal region of
South Carolina and Georgia. Vol. II:
Socioeconomic features of the
characterization area. U.S. Fish
and Wildlife Service, Office of
Biological Services, Washington, D.C.
FWS/0BS-79/41. 321 p.

Miller, G.C. and W.J. Richards. 1980.
Reef fish habitat, faunal assemblages
and factors determining distribution
in the South Atlantic Bight. Proc.
Gulf and Caribbean Fisheries Institute
32: 114-130.

Minerals Management Service. 1983, Final
environmental impact statement.
Proposed 1983 Outer Continental Shelf
0il and Cas Lease Slae, offshore the
South-Atlantic states, OCS Sale No.
78. U.S. Department of the Interior.
New Orleans, LA.

Moore, C.J., ed. 1980. A recreational
guide to oystering, clamming, shrimping
and crabbing in South Carolina.
Recreational Fisheries, Office of
Conservation, Management and
Marketing, S.C. Wildlife and Marine
Resources Department. 60 p.

Morton, .J.W. 1977. Ecological effects of
dredging and dredge spoil disposal:
A literature review. Technical Paper
No. 94, U.S. Fish and Wildlife Service.
33 p.

Myatt, D.O. 1978, The angler's guide to
South Carolina artificial reefs.
South Carolina Marine Resources
Department. Office of Conservation
and Management. Educational Report
Number 9. 31 p.

Parker, R.0., Jr., R.B. Stone, and C.C. Buchanan.
1979. Artificial reefs off Murrells
Inlet, South Carolina. Marine Fisheries
Review 41: 12-23.

Pequenat, W.E., L.H. Pequegnat, B.M. James,
E.A. Kennedv, R.R. Fay, and A.D,
Fredericks. 1981, Procedural guide
for designation survevs of ocean dredged
material Jdisposal sites. Final report
prepared by TerEco Corp. for U.S. Army
Engineer Waterways Experiment Station,
Technical Report EL-81-1. 268 p.

Pielou, E.C. 1975. Fcological Diveristy.
New York: John Wilev and Sons.

P{lkev, ".H.., F. ¥eer, and S. Keer. 1979.
surficial sediments of the U.S. Atlantic
Southeastern I'mited States continental
shelf. np. 138-1281. 1In: South Atlantic

Outer Continental Shelt Geological
Studies Fiscal Year 1976: Geologv.

Plough, H.H. 1978. Sea squirts of the atlantic
continental shelf from Marine to Texas.
John Hopkins Univ. Press. 118 p.

Purvis, J.C. and H. Landers. 1973. South Carolina
hurricanes or a descriptive listing of
tropical cvclones that have affected South
Carolina. §.( Disaster Preparedness
Agency, Columtia. 52 p.

Riley, J.P. and D. Taylor. 1972. The concentra-
tions of cadmium, copper, iron, manganese,
molybdenum, nickel, vanadium and zinc in
part of the tropical north-east Atlantic
Ocean. Deep-Sea Research 19: 307-317.

Saila, S.B., S.D. Pratt, and T.T. Polgar. 1972.
Dredge spoil disposal in Rhode Island Sound.
University of Rhode Island Marine Technical
Report Number 2. 48 p.

Sandifer, P.A., J.V., Miglarese, D.R. Calder,
et al. 1980. Ecological characterization
of the Sea Island coastal region of South
Carolina and Gecrgia. Vol. III: Biological
features of the characterization area.
U.S. Fish and Wildlife Service, Office of
Biological Services, Washington, D.C.
FWS/OBS-79/42. 620 p.

Science Applications, Inc. 198la. South Atlantic
O0CS Physical Oceanography. Final progress
report. Volume II: Technical Report. Prepared
for Bureau of Land Management. 354 p.

Science Applications, Inc. 1981b. South Atlantic
0CS Physical Oceanography. Final progress
report., Volume III: Data Products, Parts 1
and 2. Prepared for Bureau of Land
Management. 378 p. and 248 p.

Science Applications, Inc. 1983a. South Atlantic
0CS Physical Oceanography. Final progress
report, Volume I: Executive Summary. Prepared
for Minerals Management Service. 10 p.

Science Applications, Inc. 1983b. South Atlantic
OCS Physical Oceanography. Final progress
report. Volume IT: Technical Report. Prepared
for Minerals Management Service. 300 p.

Shealy, M.H. 1974. Bottom trawl data from South
Carolina Estuarine Survey cruises 1973.
South Carolina Marine Resources Research
Institute Data Report Number 1. 113 p.

Siegel, S. 1956. Nonparametric statistics for
the behavioral sciences. New York: McGraw-
Hill. 312 p.

Smith, T.I.J., D.E. Marchette, and R.A., Smilev.
1982. Life history, ecology, culture and
management of the Atlantic sturgeon, Acipenser
oxyrhynchus oxvrhynchus Mitchell, in South
Carolina. South Carolina Wildlife and Marine
Resources Depepartment Final Technical Report.
U.S. Fish and Wildlife Service Project No.
AFS-9. 75 p,

Smith, T.I.J., D.E. Marchette, and G.F. Ulrich. 1984,
The Atlantic sturpeon fishery in South Carolina.

North American Journal of Fisheries Management
4:164-176.

JORT IS

T
-k L L

4 b

P

P Y A

PR
PO T WP |

Yy M




Hoese, 1973, A trawl study of nearshore

ishies and invertebrates of the Georgia

const. Jontrib. Marine Science 17:63-98,
Holmes, ..w., Z.A. Slade, and C.J. McLerran.
1974, Mieration and redistribution of

zin> and cadmium in marine estuarine system.
Fnvironmental Science and Technology 8:

25°-159,

Hopkins, 2.R. and 7T.M. Murphy. 1981,
Reproductive ecology of Caretta caretta
in South Carolina. S.C. Wildlife and
Marine Resources Dept. Division of
wildlife and Freshwater Fisheries. Project
No. E-1, Study No. VI-Al. 96 p.

Johnsen, F.A. 1970. A reconnaissance of the
winvah Bav estuarine zone, South Carolina.
L.3. fieological Survey, Water Resources
Division in cocperation with S.C. Water
Resources Commission. 36 p.

Jones, Edmunds and Associates, Inc. 1979a.
Results of bioassay evaluation of Charleston
Harbor sediments C1-Cl3. Final report to:
Dept. of Armv, Charleston District Corps of
“ngineers. 84 p.

Jones, FEdmunds and Assoclates, Inc. 1979b., Results
nf hioassav evaluation of Charleston Harbor
sediments Cl4-C17. Final report to: Dept.
of Army, Charleston District Corps of
“neineers. 84 p.

jones, Edmunds and Associates, Inc. 1979c. Results
of bioassav evaluation from Georgetown Harbor
~hannel. Final report to: Dept. of Army,
Charleston District Corps of Engineers. 33 p.

Keiser, R.K. 1977. The incic2ntal catch from
commercial shrimp trawlers of the South
Atlantic states. South Carolina Marine
Resources Center Technical Report Number
26. 38 p.

L.y TE T Rt I S A A e Tl e M R S A A S
61
i
Harris. o, v d U, Altschaeff. Knott, 0.M., L.R. calder, and R.¥. Van Dolah. -
Yo swer Chesapeake Bav, 1983a. Macrobenthos of sandv beach and ~
wit! T ‘roverties, Journal nearshore environments at Murrells Inlect, _‘j
: fmentare Petreloay 3aise) e 727-755. South Carolina, U.3.A. Estuarine, “ovastal A
and Shelf Science 16:573-370, -
Harrew, @ 2. oo Studies on bivalve molluscs -
e 2 inei.a in the North- Knott, D.M,, R,F. Van Dolah, and L.R. Calder.
e anacomy, ecology, 1983b. Fuoological effects o7 rubble weir o
o | “niversity Publication fetry constructilom at Murrelis Inlet, _
: it 11: 65-89, South <aralina. Voo, I7: Thanges in © 4
macrobenthic communities of sandy heach 2
Henrw, 7. ., -, i R,T, Giles. 1979, and nearshore environments. Prepared for _J
Siscrotercien and occurrence of reefs and Dept. of the Arvv. coastal ingineering <
Sar o vow 1hoin the Geergia Bight. in: South Research Center. 3} p. -
: 1 ater vontinental Shelf Geological R
s, Tise il Tear 14%76: Geolegy. USGS Lance, G.N. and w.!. Williams. 1967, A general Jw
B -~ ovepared Uor Bureau of Land theory of classificatory surting strategies.
~ashingt. o, 5.0, pp. 324-381. I. Hierarchical svstems. Comout, J. 9:373-380. :
oy S.. wenumer. . Smith, and D.R. Leland, J.G. 1968. A survey ~f the sturgeon
1 Ll Benthi: and nektonic studies fishery of South Carolina. Bears Bluff
»>f winvan 2av lor the proposed channel Laboratories No. 47. 27 p. R
de-pening pro‘ect and dredging of the )
western channel turning basin. U.S. Army Lonsdale, D.J. and B.{. Coull. 1977. Composition 1
LoTns of En eers Contract Report and seasonality of zooplankton of North 1
SDATWAU=30-0-00029, 141 p. Inlet, South Carolina. Chesapeake Science

18(3):272-283.

Margalef, D.R. 1958. Information theory in
ecology. Gen. Syst. 3:36-71.

Mathews, T.D. and O. Pashuk. 1977. A description
of oceanographic conditions off the south-
eastern United States during 1973. South
Carolina Marine Resources Center Technical
Report Number 19. 105 p.

Mathews, T.D. and O. Pashuk. 1982. A description
of oceanographic conditions of the south-
eastern United States during 1974. South
Carolina Marine Resources Center Technical
Report Number 50. 114 p.

Mathews, T.D. and 0. Pashuk. 1984. Shelf
response to the cold winters of 1977 and
1978 in the South Atlantic Bight (SAB)*.
Litoralia: (in press).

Mathews, T.D. and M.H. Shealy, Jr. 1978,
Hydrography of South Carolina estuaries,
with emphasis on the North and South Edisto
and Cooper Rivers. South Carolina Marine
Resources Center Technical Report Number 30. 142 p.

Mathews, T.D., M.H, Shealy, Jr., and N. Cummings.
1981. Hydrography of South Carolina estuaries,
with emphasis on the North and South Santee
and Charleston Harbor - Cooper River estuaries.
South Carolina Marine Resources Center
Technical Report Number 47. 128 p.

Mathews, T.D. and M.H. Shealy, Jr. 1982, A
description of the salinity regimes of
major South Carolina estuaries. South
Carolina Marine Resources Center Technical
Report Number 50. 114 p.

Mathews, T.D., F.W. Stapor, Jr., C.R. Richter,
et al., eds. 1980. Ecological characteriza-
tion of the Sea Island coastal region of
South Carolina and Georgia. Vol. I: Physical
features of the characterization area. U.S.
Fish and Wildlife Service, Office of
Biological Services, Washington, D.C.
FWS/OBS-79/40. 212 p.

- DR .-

. . .
. S0 . . e TR T AT T . _
PRI AR T ST AP WAL WD WA W U0 WO N W Wi R PO Sy P




i

v T T

v

Mean density (number

abundance of macroinvertebrates collected during winter at the control site.

and standard error of the mean at each station is jindicated,

Overall ranked

per 0.1 m2)

7.

Appendix

wWINTER SAMPLES

CONTROL AREA,

CsSo09 Cs10 cs13
ME AN

CS04

cs02

SPECIES

RANK

ST ERR MEAN ST ERR MEAN ST ERR MEAN ST ERR ST ERR

MEAN

PDONOE =~ giN—~ VN~MND NNOEN NONNE SNe~= NN INENNNEN OV eNDNHENE
L A I I I A I A I R R I I I R e R R I R I B B I B B R R R N A L L A AL I O

or~~~mmo~~oo~7— ONMPD O - CCOO0S JDOODOO OD= O O ODODOO ~NO OOCNODIO (=
——

NNINOURDNIND € (W IVF NI NNENN VOOV e o W A 4 AUV O OWVWOOCONY

L I I I R S I R O R R R I R R I R S I I I R R R I R A A I A A I A B B A O B N R B B A O ]
MO = SNNLMetOOM OO0 OO0 ON~OO OON © © OO0OOO MO ~DMMNOO (=
3+ —) -

FTN@——O "“CD"NI\OOONQ»OONWC—'CONO‘O DMOOITECRNNM~Ee N=NNUVITDONOIDE NTO~MON

e 8 & 05 0 0 0 s o0 L2 . 0o 0 LK I B TN T I T T I I I R IR I N B I T A B B B D B B B B )

NNOTeMO omrsr~mm~om—-mmo'\n—-:\1m—~o—- G trt Qi Dt DO ittt Ot QDO QOO0 OOODD=mO
[AVOAY)

QNNNQQQO QQOQQQQ’\JONO’\JOQO’\IG’\IQ’\J NOODNNDLNUNN NOUNDOOVIDOOET NIPeOOON

® & & 0 8 0 % 0" 0 OO e 0 0D LI Y BRI I N T I I T I S S SN R R I I IR B I B I B B B B
O“ONONO—' OONOONMQNNI}—-F‘IN@—QNNN OFTMNNDO=NN~ NMENNNOmC MDD N ma™M MmO
et Ot N O\t N e —_~— —— -

OB/~ M IO T DOINOND  FNNNRANNI~ S NV oSN oo © N Ny ey v
LR I B B A S I AR S R A B B B SR Y N B A N R B B R A S A I N R R RN R I B I R S N I I N I TR T TR TR I B B B N
YN ———) - o000 OINOOO e OOO0OOO~N0O0 [=]=F  J=J =] (=N o O [ =1=]w] [~ 1=]
DeOOere N OOVDL TVOCNNN 4NNV @ onNDNvVON AV o} T N N ON DN
LA EE B AN B T B A B B Y B Y I N B RN N A B I I B RN IR B I BN I I S R I I N R I I I I A T I B B B A L I A O
DNEMOM ~ ODV—S DEIDOm=] OODNO~IMD CO DD Do s o o020 o
—— -
CRVE NNAPNN TN FOSDNS NOMNO L Veu— > ~ N=~—ON DOoe T I\ NN L 4
LA I I I T T I R O B IR B I I R R Y R T I I Y BN B I I Y N N BN I Y R I Y N B K BN 2 B R R Y B R N B B DL B B A
VMO rafrmmps OO0 MO=mNOO COmOOC0 OOt~ S O NmOOO OO0 © Oc o o <
ccc DDCCO VD €OCeNLTO NV CeOD C€eND N € €DOODN ONDS O VOV AV 4 N
. S 8 0 5 5 0 P 0 O 6B C O O OB S P LSO NL GG ER G SN NS S E e YN E SN e s
ﬁoo NN = DONDON O OO DOMm - - ANrmad D s - DO > 2 -
~N [a]
~eOTNNON SO DCONNLNM MO0 ~N NINeD ~ O™ cNen @ N Ny
LI I I I Y I BT I Y I I B IR B I B I N B B B B I B I NI I AT Y TN I A Y S R Y T R I Y I R BN SRR BE R BN R R B B B B BN )
NN=OPO D =~ OO0 OO~OO—Ee~ —~OOCO= OO0 OOOC OO = oo~ © © (=] oo
—
L DVINSTO P TOD VIDLTEOND DOVONN NN (NLPON OD OO *NOO © O Kl L L
LI I B I T Y I Y I A BN B B I B R B Y B R BN A N RE RN N N K N I NN R N R I I Y I RN N B R R RE BN N B B B RN AR A
zhmooo—c Ot COmMOOMD NmO—ON ~O OmS—~ NS M coon © © < oo
™
N
[Va) wn —
— — [¥a) — fve]
I a < T} (7] <
4 Z ') w - bt 4
W [PV T 2 - [ X el
q - O Q2 ZZ — > x «a w X
—iNd — ) X an A< b 3 x S - a -
Qe Z O D 44X — O e~ w w W da=— Z
NN —Z e Z XX dg W 2 W € o = =g I
22« e A Sl ol o aAaAr>Vva wn > — - O 14l J-Iw D
Zulrd X Q OJ IXx ANNWIOPZ~nNa Sa - ax —~Z Z @4 Upa D4 « I+ =
noZ a ox 4 uﬁ =AX~T JEFDZ2DUOWICAdS I & W—ddqu—~ = J ZOI JXID[NHW Do =
D= w 2 aun v < QAQUW>ADDITIZ ND—e QALAIMUIAA~D O QUIX QRO—~L QN »=
- XN ZQa GJW LOW >RWO=aOVad » =0 WW=—OWIWY el JI—=w wJIJIowa o]
LVa <D0 O.ndm'.n(l—'dd X Z Jn WWO=TN>ZA9N WD 4axXO =ZA0d DI >AC = _JDAD> o
W o T et _Jd..---D.J Smmlwel DLNN TV OCONWD =ONOQO IV EN  LWmOWmNd =0 N QA

X e Zoe JWAOZCEA>W=NNTNIT—~W«adDIN0Jd D9Na D @ 2TV dQ0d Twr=Ukem—duiul
T AODQ Ui Z =S = DX ZdddNTD O =IO «Q«xr<aa«Ixwn <40 DwaD OrJuZqa
CZOIXCZ=NLIA A DONI> QU Zaa0 WowW NAOO=NIIXIT ™=~Q <«CACAO~ADr- J—~dIWONCQOZ
—~ QO OLI VOOV VJIOU UL LUVVIFeEOY A=0IQ 1> > =Rl ==X U>U <QJOLUr=mIma
VNALO=NTO0CI=—=IOA—OX IO UL eI Q X ~IWI= I aI0JIqU0 ym——ydrwaan a3l

ZaQ AXOWI WK WWLIX J>»wZd U0 A WX wWWZwOIVNIAVDW=00 I QW ~ww ~2D0Z ZD.'—I Q dm=
oqaznaa

WUDWAIOVZAUIIZADDLZDAWWNNIVZ Z=TA DD

SN IS DO OD~UMFNNSLIODNMNENOLDOC=UMNINCHDIFOONMMNNNLTROSNIMMOV OV I TN
Lt e Lo e L it ALV TAVEANTA VIAN T NT o VI VT aToa TagTosToa [aalaaTaalonTag B 2 28 20 g0 5 S 8. 30 6 JV oIV ALV RTVAYV oYV alV ol ¥ oV piT g] Vet o1 o]

S X

N JLQ;"

poy




- IR SR e L AR A S A R R R Vi Y S e S B e S AN e JBA e “Sa Yane ~8 i bad i el g
76
24 <
a ~ D NN ~N ND ~OT Ne ~ o + eNeN Ne ONe DN LVERG VRV .
[¥¥) ® 9 & 0 0 8 6 48 85 68 0O P T E O O PSS B S LS O E SN ONECEONSONNNS e SEeEE SR .
c ocoocoo =] o @ coo oo o o © co2o 2@ oo SO0 o oo
[,
mown .
" 3
2 {
v £ [T -1 T VT V] Y] v © wOw *w <« - W WNWE VO DLV 110 Nowve -
L- ¢ ® B ® 8 0 0 5 0 9 4P 0 PP S DGO O SN OO NSO S LSS SRS PO NSNS eSS J
w -~ ocoooe =3 o —— oo - [~ © ococooc oc coo oo © oo 1
) 1
x .
X OOONNAD NN SRZNNS ON TDO~NE MON~ 2 INMINN < O nNe *DONVNNO 7)) -
ad ® @ 6 0 0 9 & 65 08 8 P 000 OO S 0L SO OO P S LS O RSN SE NS OE NSO S 1
~OND—Dm D DOOOD = OOCOD=DO OmOO coooo e o oo ccooooe o o © J
— .
2 v
2 4
Vsl -
. W 2 DIOODIID * ODVDNILIO VD OONVIOC O©OVDe €TIOT T <+ O DO DDDVNNND T r T -
L4 ® 8 6 0 0 2.8 00 85 2SO E s & D SO NP OO N L LN OGSO TS E SO E SN S SN -
-t W NON et () (Nmt\Jrmtot ettt Ottt Ommt ot ot oot et Qe OO [ == o0 OoOOOCO o ©c ©
"] T -
. w -
] .
Y
-4 e 4
a X ToNN @ N N N N K N NN [SV14 VT VEA VT4 V] [\¥]
=< [¥,) W ® 8 0 9 0 0 0 8 0 8T S D OO LSO OO DSOS C O YOS SO E NSNS NSNS e
q cooo o o o o =] = oo oo cocoe =4 o
o 4 -
b [¥9) [« ]
-~ =3
2 Z v
b - (S I-4 *VNN @ N 4¥] < Ny D€ O NN
= L ¢ e 0 0 ¢ O 00 0800 0SB E S O e D S 0 9 0 6 9 5 S0 PP S E OOt L SR GO D 000N OS e
} w osoo o (= o [~ S0 ooo cocoo
. X
«
w
A x
LY e 4
- - x NN L4 N - o Ne NN ~ (AR AV VY
. -d Y] ® 5 6 0 B 80 &0 0P OO O P LS O 0N SO OO SN EY LN IS LSS E YOS E eSS
[ =1 ococoo - o - oc oo oco © o o o o
a -
- < N
Z o
b o [}
L [ w Z [AVIaViaViaV] Lol ~N L ] VO N NN e L 4 ¢« Ve «
< ® 9 & 5 0 6.6 0 0 8" PSSO E PO SO PO NSO N GOSN GEE SN SBNE NSNS
w ocooz — =) - oD oD o220 © > © oo o
3
Q
x N Ny ™ e N nNe (VI e * [4%]
jve ] L2 S B N I I BB BN B N B BN B BN AN 2R BN BN N BN BN BN I BN R BE B B N N IR N 2N N N R B S I B N I B B R R BN B BN )
o o (=1 o o oo o o o oo o o o o
-
N
o
N
W Z [AVERNAN) 4 ~N < N NO NN [AVEE 4 Ne L 4 N !
L4 LI I I I Y I B I B N DN B I B I R I R R NI B B B B Y R I TN B I Y T B T T IR YT TR R TR TR TR TN INC I TR B R R B R N 1
w o © oo N o oo © o o oo (=} =]
b 3
\
y
\
13
wv
[ ] a £ —
— - a (=) P
< - wna v aa a
' w < —r 4 - a J
> Z 4J v X < ad wn < < e D DUV q
. ) —_ D e x— @ [ — x —-a DaA0D = < . -
— - 2w [Valel?y] w o [Vade 4 ] Vi V) =23 0d0 - A «a
—_ 2 =Nz g =D TR 4 wx DA D o« W DIXZOX L4 (Va1
. ~ < - e 0O @ i g N <N @ O €131 O=~da ] )
U w - arZ q9oarxz Ix D4 OW 22 = —--NNaaNITZ 4 — (%]
' 2 bad > Xttt NI L= 0 Tw <«NJd 2 0N U= &y == =90 2D0wWIX Z LANUN a
& 2 NOIZ DDwd »a O )R g < 4 v —-—NJwovazZa - — -
" ax e L OO Uk VAV wWUZ Juik AJYXADNE ¢L> UV QLIONZE—T J4d =—wQINg
. I} -~ a q )=t Y s DIANDVN L. T SN Jams ~=OQOT o« noTT —=ad q< qQZ = JDw
o w SN WZ JNCXOIZ IDW Qo anN«go WALICdJXINIAWT d@=JuNY >Cd>WUOowIg>»>C-
N &) w WD g O0d) Z QWS gD 0= sNADVAUY O 94 SOJOZr=wWNWIOIC«—QuDdDVW w
. ~ — IQ IOV Vi I 944900l Jduwdd™ JA<CAQADIOXZO»m~ =dadHAdO0OWD IAEID JO O Q00X agq
, (] QA NG=DWD v - 2IZ0I9.4N0 ITVNOF=dAV AaNZ=~=ICLlLIONDWOIdWldmDaadxr Xl
w QAr D=L JarQIXROX I ALWOWOANIRAU QO JuW I>OX IOQLDMOOOWU il S @ X 3wt (I UTE =@
' G VUZTLQ~Qur I >»>»Z>000AL=~DZLOVOZ OLZDULOOJOLAITWIOWNI =T ONAL JIWiNwmy Z
. Va) AW O=ND>=qdZOXXAIOIAQL A IWOD DI ODI A0 W Z V= a QX DAl D jmyZmuwZ JDWE<=T <O
M . QIO JAVIWSERLRIAVNAEAXO JIJA=WErm ==X OJ0ZVA DT O NWIDWOIWVZ VN J0D0 Tl OO
Cal AUAEUIAaIABAI I T O=LWW>wWIDWd =0 O0d= WO ZNAddm=mNg JOAZNOWUDmmul> I =0 TA Z0=A
QAALATLANVA I IOIZTI N2 U J2 JANWAF ZADUDCIAVND DA VDA NNAMA I JA VDA NA N,
L \
-]
. g x NNOLC ECPIPC P ITL Ittt P e P b P e TN PR PP P AR LCLOLCOCOCTRRCRTITIOO0IO
a £ L OOVOLOOC et O CTTTCTCOODTDCCFCTOOPT OO COOOCC Ot
[ < —




(Cont inued)

5.

x
-
°

c

o

o

a
<

WINTER SAMPLES

CUNTROL AREAS

csil

ME AN

¢sto
Mt AN

CsS09
ME AN

CS0s

csoe2
MEAN

SPECIES

RANK

ST ERR

ERR

ST ERR ST ERR ST

ME AN

ST ERR

*rN N N NN Ne Ny N LAVEEAY) LAY IS Via VIR V]

R R I R R I R I R I I I e I R R N A LI R R A R A A B A I B N I R R A A A A I
(===~ (=] o © oo Qoo <@ (=~ e Do o <
Wiy ~ ~nonN Ne Ve o LAV A Y] N (Ne N N n ~N

I R R I R I R R R S I I I R O O I R I B A R B A B B A I S I B S BN A Y BN R N R A I I R ]
oc < < (=2 (=1 o000 © [=J o oo o

NNE NC e el NS NIV VRN RNV NS NS e N NV e NN NN N
P R R I R R N R R I R R R R I I I S S L I I I R R R N N N I BN I
OO D020 DOD OO OO OO0 DODHOD OO0 OOOoO o0 SO OO0 © D DOOO © <

NN O DOe NN 0D 92N e NI FNENS .y NN e NN NN N
OO0 O ooo COT O OO0 OO0 O00 OOoOoOO oo O OO0 © © DOOoO ©

L g ~N * NN ~N N (2 13" Y] N N
® 6 0 8 5 0 0 0 00 6 0 0 9T S OB SO0 0 S L BN PSSO GO LSOO PEOON e NSO OE e S
(=4 o (=1~ (=4 < [=1~4 [~3 (=] (=4
* o ¢ Nae N N *«N s V] N N
DR R e O I S O O I R I N R I I I I I A O I I I R I S N A I N B
(=1 > S oo (=1 o 20 > [=4 (=4
NN N <« N\ N N N
B O P S O P S L PP S E NP PPN LON OO TN OO N OO E LSO NL N NENEEPEE O ONS OSSN
oo o (=21 (=4 1= (-]
N N - Ny N ~N N
® 8 0 & 6 0 B 0 68 O 6O 0SSO0 SO OO NS NN NN SO SNEE OSSNSO NSNS SN
(==} = [=2--1—] < (= (=]
N NN 3] (A1 NNy
9 0 0 0 0 9 0 5 05 0 88 0 S0P O CE P PO SO OO S LA PP O PO SOE O ENeNS 8
o (=~ o < o oo o0
<+ NN N ~N NN
0 0 060 00600 0006000050000 5000000 e OISO ILECIEO0RNLSOELEOESEIEOLIEOITIOS
<o o o (=] (=4 [ = =1 ~] co
v < i
— [t =
v - a x 72) w a
Z x = oo 174} - W < *D
wa o w X 4 — P} NI UN— az
—3X “w QL e xZd - — — DA N
fo V) X « Dul~ qaqr- w - 9 N Tmamg Z O
aqya w o ¢ =gqZ 4% DQd a = - v o a D20 DJIDD O = e
- | a a =000 =20 - O« Wt ———CY AV=OAZZ NI
-t . v o a Z UV Qaagqa_g - Q 4 ZZq O@T «QOTw T L=aiira Jown
—-Xa T w - =4 VD Zu w Z sqaArd—NwZuw M QWI=IOoa O==X
xX2aN O D0Z s a4 DN D sqDa g 8 L YOII Irmrmup=—N WOITwI VO T Ix«a
o O WA =3 w QIO IO Z QA WVNO=ZQJAI=ND0 e Qo= QD= (Nt wo v
g qQ A= g 92 A=Y >aAn N £ Tt D ey T Q@ QOVWDLODA ==—=3 W
A 8T = ) - 4 O ao wina x « 2 _ AWIQNODdnWA N Z g ) = ZNDO
W=l DA0d AUV I dOm) =3 wa QmED ~AN=I0D Ww XDNIX>Na D
QUWIEIOND VIUDLC-=W AL ANI =Cm N A=0Owd A= X <IN x — qq W —rrquadd

]
O= aT a D CUAWIIDWODVNTVNODIO™ O@=Juwild CdOWSdWAOIOODA NNXUX X UL~
QO QAWAWIIOW—Om=Z 3T A TWwZ04A0I=~0ON0d JZ™WZAUVU JdmmANWIaaIVO»>0JX
L SRV e @ L £=OQLOQAW DI Jut=eZ >miQ I =D VU =~ OO~V L VOB L JOA O .J I Wl
QWi O T ) L2UROL=ZOUI JOOA D) Y DOL=Z = QX Z=T 200 JOr I ~DA0VXXO=I o
—ddd W=t L Yt @ L S ZOQ i Z QL =N T O Y ) JD LD > it ) >4l D SOV T WDA TS =
VWOTIO0X JO>QX 4 IN=A T JLANNIOVWIOO I I=OI0=aTaxOCII I 0l /e 0dIZNU=004azZ0
WadaG=ITDOWZITWO=~IZWOI > AD>—d JWwW QU™ WLIOIID0AdAWWAOT ADIDTremud=>D
TONARAVI=UdZIALCOVATTAXTIVALUO~AEIDWIAUOZNIUAdCIAIVZINAUADAZIEIAT AN

2NN INDNNNNNINNSINNDIEOODTODDDDTOOLTIDEREL LD L D DO 0D VOO NNNNNNNN NN N
e et TN M AN O MO OOOED DD DNCIDD DN DD D DD S D DD DINN D DTN IO Y N N o
—— - —— e N OO NN L O




(Cont inued)

5.

%
-t
=]

c

¢

=]

o
<

WINTER SAMPLES

CONTRUL AKEAS

csli3

ME AN

Ccslo

csa9
MEAN

ME AN

CS04

cso0e2

SFECIES

HANK

x
a
o
—
[

ST ERR ST ERR

ST ERR MEAN ST ERK

MEAN

N S ALY N [aY NN
LA RN BN A L A I T I T O B I A B B B R I B B I A A A B I L A B D D L B I O O B O B B IR A A A O
(=] (=4 o o0 (=] [ =
o~ o~ o NIV N ~nN N
[ S S B AT RN B A BN B A R AN O A B RN B BE NI ST B X ST N R Y Y B R R RE BE 2L R I BN BN BN I R N R R I R B R B A BN
[~ o oo (=] o o
LI I I L I I A S L I O O B L B B B I B B B R B RN N BN AN BN RN BN BN R A BN O R R B B O B B I O B BB BN B A ]
S0 o OSSO OO DOOO0D S oo oo O © S2000D D 290D o000 S o 2
[4VIaY] [AVARAVILVIs U o VIa ¥ NN NN NN NN N NN N NN (NN N NN
LR B NI N I I I T B B B B A A O I I Y B B I B Y B R BT SN SN R Y I O I O I B I I B B B B O B B A B L B A e
[~2=) o ooo oo cooooo O co oo o o QOO0O0O O OO0 OCOoo o O o
N N o N Ny oy
LRI I O D L O B B B B O I R R N T N I I IR I I BN R I I B O B R R R B B I BN R B B B
< (=1 o o o0
N [3Y] NN Ny N
(I B BRI B L I O O D A B B B A R B AN BT N O B B B B L N I I B 2R I A A B 2R AR DO B A A B O B A I
> o = o oD O
o~ N ~N ~N N N
[IEEENNEEEREZEE SN N N A I A IR A A AN B I A N A A A I I O I AN O B N B R
(=1 [=4 (=4 (=1 o o
N N N N ™~ [AY)
@ 5 0 0 0.5 & S 5 9 S 0SS E D OO0 DNE LSS LSOO TSSOSO SN EN SN NN ee
< o (= = (=4 (=]
[a¥14V) N o
LI I I I I I I B B A B A L L B BT R Y B A B B I I B R I R B K B B I I O K I B AR R B IR I IR R R A
oo =4 [~
AV IaV] [a%
[EREEEENEEEEEREE NS A I A I A RN EY B NI N A R R BN O S 2 B B B B A BN BN BN B IR I B AR B N ]
[=1=) (=] (=]
v
o
-
L}
L. -
[Vl 2
nd Qo (%]
x w - (=]
“w > 2
x N wn Z x
d - o a 2
3 b= X [¢ 4 @
W Lt e L <o < L. ¢
X (=] - 2 - wn nNar-
> I « o L3 = < < w2 .o DA
|5 N - o < < - ["a} d - Z a0 woo
— a ~u - Z L4 > < . ax «« SN LW
4aNNnNZ VW J DO ('Y il qq - Ul (B8 - a < . < ——
L=LOQA D= = Q2= W ol 20 ¢ 4 -2 - a n L aa = . [ o V4l
qQryaxw == < xS - et I Id a)sa » ao«€ax » wNn A w220
— e ¢ X T NO W = TOUS DN DD e dAA> =~ NSO wa s e _jrara N AT O
LITLILAIQAOAQW I ul T - Ol A= VNG O 2 @ = RN AWl I eQaAQWD
—OaVvwWuIiZLaut S=Lravqaqary _O-—Oonaa U W D« 2d4a VVVaaJdawe QL IX =2
LJO>CYT NWWOUY W»ZO=QX === ng 3n o0 VO Z - anxuv - O gqganNn aQ
c2 a4 DAQA=O FWLdddIIFIq=IWIC I COTACA I oOreld VN W == NNDQ= NN D

I=NI Id4d AImddaOd O XXV MImaAddOd I dJY JOCQA=W> D= TINICOOm=I —DNeU
a —=DONDICaUIOd NEVEDZd O DOINDAZ ) WIOFNJITY A-dOWWwWIZZIWI A< uUlO
LA === O ) OF=000dd0~WWd Jdd dal D= Jrmd €2 DWRAZUVJITODZAa00Z 0T INDED
IVNINLLLICY QAOIILI T ) JZAL WJEIVZTIQLOW WLdOQ i Omim (X s _Jju LW Q™= 1 O
QAAL XA r-wimre e J JEXOVOZ TQ W Q= VOO WO ==L ONLOD JL ZO=IOXT DA I =T Z 3 OJ
IQALSOI0ZYI~IQITA W= W =IT L JJui=rtre TWIWI D0 CDDJA WOWELITOALIO>IAWIOXIO
*UUIOC1lJlKQ&OZP10>>O—130J—Jﬂo—hb1&126!Jn~3"PIZIDIJH3RRZOIPD—>
AU >rOwOLAWI=IIZLVNLIZZZ JO0dZuiWwWdOA=WIWIRAOAD=T W AO QU > Drmd dOQ == O >0 I
IOLVVZOAUEI~AdAIIAIA ==Z OV A NAOEWId-=EINAONONIZNIOIJuwiAIDONNZINA

ALV NN NN NN N A NN A SO AN O AU 0 N AU O O AN A O N DN NN U U TV (VN NV
ATV AN AT UL AU VAN O AL O VOO0 U AU AN O U OO U AU 00 00U D AU 00 AU O AU U OSSOV UG U N (N U O
OGO U VAN A VAN O A SO AU U AU OO VO U IS OU B0 RGO N U U O A 0 O A U AU (0 A U A U U

taabben A1 A e

(Y

PRI ¢ "y TS




(Cont inued)

5.

X
-
°

e

[

a

Q.
<

WINTER SAMPLES

CONTROL AREA»

C513

ME AN

¢slo

Cs09
MEAN

€S04

ME AN

Cso2

SPECIES

RANK

ST ERR

ST ERR

MEAN

ST EKR ST ERR

ST ERR

MEAN

NN
LRI BCAE S B IS SR I B S BN I Y )
S D
NN ~n
LR I O B A A A A A N BN N I B
o o
NN ANy
s e 0000000008 8000 e
o © Co DO0e2D DO (=4
NN NN NN
s e 00 0es0ssreseeo et s
Q0 O O OoOoOo (=11}
~N N
® & & 0 8 88 0 2 e 00 OO BREDS &N
(=4 >
o hY}
e 0 s 00000000000 00000t
o >
v NN
® @ & 0600 0 ¢ 00 08508 08t 800
< (==
N Ny
® 0 6 & 000 0 080 8B OO 0000 N0
o Lo
[}
LR I A A N N I AR A Y B B S BN )
o
N
S0 0000000000000tV
<
4}
—
-
—
n "2} e o}
- L] L4 q <«
>a Zd - Lol
wwn Q- « o
- A wua - <2 &
adD Q O I Zea) [< - 4
=2V N Y=g Y =~ ga
D 0N TAT WO >Z
b N WLALLIQAODWNGAE 1 (Xre

Wi nannmnan

maa_l

22
aoda =0 WoOox=~dwuwna o
Qe QD JIXO >
QLAWFECAd L0090 J0wW-al

NANNNNON NN NN NN YN NN
NV NN NN VOOV NN AN T U N
NN NN AN I N U NN NN U




2

m

Q0.1

Mean density (number per

Overall ranked abundance of macroinvertebrates collected during summer at the control site.

and standard error of the mean at each station is indicated.
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Mean density (number per

Overall ranked abundance of macroinvertebrates collected during winter at the disposal site.

0.1 m2) and standard error of the mean at each station is indicated.
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